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INTERACTION EFFECTS OF LUCERNE (Medicago sativa L.) AND SUPPLEMENTS ON 
DRY MATTER INTAKE, MILK-SOLIDS YIELD, SUBSTITUTION RATE AND NITROGEN  
OUTPUT IN DAIRY PRODUCTION SYSTEMS  
by 
Albert Muleke 
Abstract 
Lucerne (Medicago sativa L.) is a major forage legume grown in approximately 45 million 
hectares worldwide. It is an excellent candidate for irrigation and can produce large quantities 
of quality herbage due to its high water use efficiency and deep root system. However, in 
New Zealand, the growth rate of lucerne is reduced in autumn/winter and early spring when 
temperature and solar radiation decrease. These periods of feed deficit usually provide 
opportunities for the use of supplementary feed to sustain high dry matter intake (DMI). 
Supplements are also offered as they may dilute the amount of nitrogen (N) eaten, thereby 
potentially reducing the quantity of N excreted in dairy cows grazing high N forages such as 
lucerne. Currently, little data exists on lucerne-supplement interactions in New Zealand dairy 
systems. This research study investigated the effect of feeding maize or grass silage 
supplements on dry matter intake (DMI), milk-solids (MS) yield, substitution rate (subR), 
grazing behaviour and N-output of dairy cows offered fresh lucerne in autumn. A field 
experiment was conducted at Lincoln University Research Dairy Farm (LURDF), Canterbury, 
New Zealand, between March and May, 2013. Three diets consisting of: 1. lucerne only;  2. 
lucerne plus maize silage, and 3. lucerne plus grass silage were allocated to 30 dairy cows in 
an incomplete randomised crossover design comprising of two periods of 15 days each. The 
silage supplementation, regardless of silage type, increased both total dry matter intake (DMI) 
and metabolisable energy intake - MEI (MJ ME/kg DM) compared to the lucerne only 
treatment, and reduced DM intake of lucerne herbage by up to 1.36 kg DM/cow/d (P = 0.04), 
resulting in a subR of 0.44 ± 0.03 kg DMI of lucerne/kg DMI silage and marginal milksolids 
response (MMR) of 0.02 ± 0.01 kg MS per kg DM silage intake. The type of silage had no 
effect on milk solids or milk and feed conversion efficiency (P > 0.05). 
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Generally, cows had low utilisation of lucerne herbage per hectare (44 ± 2%) and high 
utilisation of lucerne per cow (88.5 ± 3.8%), which had no effect on the rate of liveweight 
(LWT) gain and body condition (BC). The silage supplements reduced grazing time by up to 
7 minutes (P < 0.001) during the morning grazing session of 4 hours, which could have been 
the effect of the supplements on physical fill of the rumen. The nitrogen use efficiency (NUE) 
averaged at 18.8 ± 0.5% for all cows in the three dietary treatments; however, feeding maize 
or grass silage did not improve the NUE. The supplements reduced the excretion of N via 
urine by 19 % and increased faecal N output by 8.7% and 4.0% for cows fed grass and maize 
silage respectively. The concentration of milk urea nitrogen (MUN) was highest in cows 
grazing lucerne only (15.85 ± 0.39 mmol/L; P = 0.044) compared to the supplemented cows 
(15.12 ± 0.39 mmol/L). The dietary treatments had no effect on urinary concentrations of 
creatinine, purine derivatives (PD) i.e. allantoin and uric acid, calculated PD index and the 
total microbial N supply. Conclusively, findings of this study show that feeding maize or 
grass silage to mid-late lactation dairy cows grazing lucerne in autumn significantly increased 
total DMI and MEI; however cow responses to the supplements in terms of milk-solids yield, 
subR, MMR, FCE, LWT gain and BCs were generally low. This therefore implies that 
supplementary maize or grass silage feeds can be used in autumn to sustain high DM and ME 
intakes, and enable substitution of the sown lucerne crop to increase herbage cover on the 
farm during periods of reduced growth in autumn/winter and early spring. The results also 
demonstrated the use of either maize or grass silage as a mitigation strategy to reduce nitrogen 
excretion through urine in dairy cows grazing autumn lucerne. Thus, based on these results, it 
would be appropriate to recommend the restriction of lucerne allowance when supplements 
are fed. This would improve the utilisation of lucerne per hectare, reduce the N-intake 
(particularly from lucerne herbage), and maintain milksolids production, milk yield and 
liveweight gain in mid lactation.    
 Keywords: Lucerne, Supplement, Dry matter intake, Substitution rate, Marginal milk 
response, Nitrogen use efficiency. 
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Chapter  1. 
OUTLINE AND INTRODUCTION 
1.1 Thesis Outline 
This research thesis is divided into five chapters with Chapter 1 presenting a 
brief introduction to the use of lucerne and supplementary feeds in pasture-based 
dairy systems. The chapter also gives the aim and objectives of the thesis as well as 
research hypotheses. Chapter 2 reviews current literature on lucerne forage which 
include dry matter production and growth of lucerne in comparison to grass pasture 
and other legume forages in dairy systems. The chapter also evaluates previous 
research into the performance of animals fed lucerne with focus on DMI, grazing 
behaviour and effect of supplements on DMI, milk composition and milk-solids yield, 
substitution rate and marginal milk response and urinary-N output by grazing dairy 
cows. Chapter 3 on materials and methods, provides an overview of the experimental 
site at the Lincoln University Research Dairy Farm (LURDF) in New Zealand, and 
describes the experimental design. The chapter also describes the grazing 
management and outlines measurements taken on feed and cow parameters. Chapter 4 
presents results on the measured parameters which consists data on lucerne, grass 
silage, maize silage and cow performance. Finally, Chapter 5 presents discussions, 
conclusions and recommendations for further research. 
1.2 Introduction on the use of lucerne and supplements in dairy systems  
Lucerne  (syn. alfalfa, Medicago sativa L.) originated in the warm dry climate 
of Persia in central Asia before spreading to the Mediterranean and into North and 
South America (Michaud, Lehman, & Rumbaugh, 1988). It is now grown throughout 
the world for direct grazing or conservation as hay, silage and artificial dehydrated 
forage. In New Zealand, lucerne is a commonly grown pasture legume in dry land 
areas. Lucerne has the ability to produce large quantities of quality herbage. Average 
yields of up to 28 t DM/ha/yr. have been recorded under irrigated conditions on fertile 
soils at Lincoln University; (Brown & Moot, 2004; Hoglund, Dougherty, & Langer, 
1974) and annual yields in excess of 18 t DM/ha can be obtained when water in non-
limiting (Brown & Moot, 2004; Douglas, 1986).  Irrigated dairy pastures based on 
Chapter 1  
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ryegrass (Lolium perenne L.) and white clover (Trifolium repens L.) at Lincoln 
University’s Dairy Farm have reported an average of 17 t DM/ha/yr. (SIDDC, 2010). 
In most cases lucerne has higher dry matter (DM) production over the comparative 
pasture, and can produce up to 25% more DM than pasture under irrigation.  
However, when a 100% lucerne grazing system is compared with a 100% 
grass-pasture system, the inadequate seasonal feed distribution of lucerne becomes 
obvious (Mace, 1982). In New Zealand, lucerne lacks growth in autumn/winter and 
early spring (Mills, Smith, Lucas, & Moot, 2008), whereas the availability and quality 
of ryegrass pastures decrease during the summer-autumn months (Clark, 1995). 
Reliance on these low cost pastures (either ryegrass, lucerne or a mixture of both) for 
dairy farming often means milk production on New Zealand dairy farms drops sharply 
during these periods of pasture deficit (Clark, 1995). In the North Island, for example, 
the decline in milksolids production can be as high as 19% per month compared with 
a theoretical decline of 7% per month based on a normal calving spread and dairy cow 
physiology (Woodward, Chaves, Waghorn, & Laboyrie, 2002a). Developments in 
dairy farm management, such as irrigation, supplementary feed use and strategic 
nitrogen fertiliser to increase pasture growth have considerably increased milk 
production and lactation lengths, and flattened the lactation curve slightly (Woodward 
et al., 2002a). 
In the pasture-based dairy systems of New Zealand, autumn has been 
promoted as the most economical season to feed supplements (Woodward et al., 
2002a), as this may sustain intakes (White, 1982) and enable substitution of the sown 
crop to increase herbage cover on the farm going into winter. But often, the efficiency 
of converting feed to milk-solids and the subsequent marginal milk-solids response to 
supplements tend to be low in autumn compared to spring (Stockdale & Trigg, 1989), 
thus supplements are usually offered to improve the whole system response i.e. as 
pasture growth slows, extra feed can be used to extend the round and protect the 
residual, effectively growing more pasture and allowing more herbage to be harvested 
over a longer period, thereby increasing days in milk and milk production per cow (de 
Klerk, 2012). Supplements may also prevent bloat (Basigalup & Ustarroz, 2007; 
Bretschneider, Peralta, Santini, Fay, & Faverin, 2007). For instance, overseas in South 
American systems where lucerne has been used widely both as pure sward and within 
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pasture mixes, some level of supplementation with conserved forages and/or 
concentrates are used to increase individual cow productivity under high pasture 
utilization efficiency (PUE) (Basigalup & Ustarroz, 2007). 
Research studies also indicate that feeding low-N supplements can dilute the 
amount of consumed nitrogen (N), thereby reducing total N intake and, potentially, 
the quantity of urinary N (UN) excreted in dairy cows (Bargo, Muller, Kolver, & 
Delahoy, 2003; Castillo, Kebreab, Beever, & France, 2000; Poppi & McLennan, 
1995). Thus, the N efficiency in pastoral systems can be improved by feeding low-N 
supplements rather than increasing energy intake (Ledgard, de Klein, Crush, & 
Thorrold, 2000; Valk, 1994). In a simulated study, Gregorini, Beukes, Bryant, and 
Romera (2010), reported that incorporating low-N maize silage supplement in 
ryegrass pasture diet of high producing dairy cattle was effective in reducing rumen 
ammonia nitrogen (R-NH3-N) and UN at the beginning of lactation, and slightly 
decreased the annual average UN: FN (faecal-N) ratio. Similarly, Dijkstra et al. 
(2009), reported reduction in urinary-N by feeding maize silage.  
However, research data on direct feeding of lucerne to dairy cows under 
grazing conditions is currently limited when compared to ryegrass/white clover 
pasture in New Zealand (Moot, 2009). This study aimed to determine the effects of 
feeding maize and grass silage supplements on DM intake, milk solids yield, 
substitution rate and N-output of dairy cows grazing autumn lucerne in Canterbury, 
New Zealand. 
1.3 Aim and objectives 
Opportunity exists to develop grazing systems for the dairy industry based on 
lucerne monocultures or with grass mixtures in New Zealand. However, research data 
on feeding lucerne under grazing conditions in New Zealand is currently limited 
compared to ryegrass/white clover pasture (Moot, 2009). The aim of the research 
described in this thesis was to investigate the effects of supplements on DM intake, 
milk solids yield, substitution rate (SubR) and N-output of dairy cows grazing lucerne 
in autumn. The specific objectives were: 
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1. To quantify apparent dry matter intake, milk production and composition, 
urinary and faecal-N excretion for dairy cows grazing lucerne and 
supplemented with maize or grass silage in autumn. 
2. To determine the substitution rate and marginal milk response for dairy cows 
fed fresh lucerne and supplemented with maize and grass silages. 
1.4 Research Hypotheses 
Previous studies with ryegrass pasture have shown that, when supplements are 
consumed by grazing cows, DM intake of pasture is usually reduced (Homes & 
Roche, 2007; Kellaway & Porta, 1993). An effect referred to as substitution, because 
supplement is substituting for pasture. Substitution can also result from a reduction in 
grazing time (Bargo et al., 2003). A negative relationship exists between substitution 
rate and milk response to extra feed. Lower substitution rates are associated with 
higher total DM intake and consequently higher milk response to supplements (Bargo 
et al., 2003; McEvoy et al., 2008). Average immediate/marginal milk responses of 
0.88 kg of energy-corrected milk (ECM) per kg of supplement and an average 
substitution rate of 0.36 have been calculated from experiments based on 
ryegrass/white clover pasture (Baudracco, Lopez-Villalobos, Holmes, & Macdonald, 
2010). In this study, it was hypothesized that:  
1. Maize and grass silage supplements will reduce apparent dry matter intake  of 
lucerne, minimise urinary-N excretion, and increase N content in milk and 
faeces in dairy cows grazing lucerne in autumn. 
2. Substitution rate and marginal milk response will result from feeding maize or 
grass silage to dairy cows grazing lucerne in autumn.  
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Chapter  2. 
LITERATURE REVIEW 
2.1 Brief Introduction 
Lucerne (Medicago sativa L.), also known as alfalfa, is a temperate, perennial legume 
species originating from central Asia (Langer, 1973) and is a member of the Fabaceae 
family (Charlton & Stewart, 2000). It has an erect growth habit, making it suitable for 
grazing by sheep, cattle and deer (Charlton & Stewart, 2000). Its main advantage over 
traditional pasture is a taproot that enables the plant to draw water and nutrients from 
deep in the soil profile and ability to fix N. Lucerne has been promoted in New 
Zealand as the most suitable forage species for intensive dry land sheep pastures for 
over 100 years (Moot, Brown, Teixeira, & Pollock, 2003). On dairy farms, lucerne is 
mainly offered to lactating cows and replacement heifers as an alternative source of 
feed from late spring to late autumn as conserved hay or silage. The in situ grazing of 
lucerne in New Zealand dairy systems is currently uncommon, but in the late 1970s 
and early 1980s lucerne was used in the drier areas of the North Island following 
severe drought and grass grub infestation (Mace, 1982). This chapter reviews 
literature on the growth and DM yield of lucerne in comparison to grass pasture and 
other legume forages. The chapter also evaluates previous research into the 
performance of dairy cows grazing grass pasture and lucerne forage when offered 
supplements, with emphasis on DMI, milk composition and milk-solids yield, 
substitution rate and marginal milk response and urinary-N output. 
2.2 Pasture  growth and Dry matter yield 
2.2.1 Lucerne growth  
Knowledge of the growth and development of lucerne both within a regrowth 
cycle and across seasons is fundamental to understand recommendations for lucerne 
management. In many cases lucerne has higher DM production over the grass 
pastures, and its growth pattern suits incorporation with seasonal dairy farming. The 
pattern of lucerne growth and development within each regrowth cycle shows 
seasonal variation. Root and crown reserves of lucerne follow a cyclic pattern 
(Keoghan, 1991). They decrease during early vegetative regrowth and then increase 
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with increasing plant maturity until full flowering (Figure 2.1). After growth is 
initiated, reserves decline until photosynthesis by the new leaf canopy is sufficient to 
exceed the needs of new shoot and root growth and maintenance (respiration). 
Typically plants will be about 15-20cm (6-8 inches) tall when food reserves reach 
their minimum and then begin to increase again. Note the reserves decline again if 
plants are left to produce seed because some are used to assist in seed development 
and also there will be demand for food reserves from the new crop of basal shoots 
elongating from the crown. 
 
 
 
This growth pattern of lucerne is strongly influenced by temperature and solar 
radiation when water is not a limiting factor (Douglas, 1986). Growth rates are high in 
summer and low in winter (Brown, Moot, & Pollock, 2003). Specifically, shoot 
growth rates increase with increased temperature, but are higher in spring than in 
autumn at the same temperature (Figure 2.2).  
 
 
 
Figure 2.1: Changes in food reserves in lucerne roots and crowns from initiation of 
growth in spring to mature seed stage (Keoghan, 1991). 
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Figure 2.2: Linear growth rates of irrigated lucerne in relation to mean temperature at 
Lincoln University, Canterbury, New Zealand. Each point represents the 
mean from 5 years data and bars represent one standard error either side 
of the mean. Linear regressions fitted to data from September–January (●, 
y = -71.5 + 10.7x, R
2
 = 0.99) and February–May (○, y = - 64.7 + 8.0x, R2 
= 0.92) (Brown, Moot, Pollock, & Inch, 2000). 
The difference in growth is caused by seasonal changes in the allocation of 
DM production between shoots and roots (Khaiti & Lemaire, 1992). In spring, roots 
lose weight as stored carbohydrates which are either lost in respiration or remobilised 
for the initiation of the new basal buds after defoliation (Kim, Ourry, Boucaud, & 
Lemaire, 1993). In contrast, autumn shoot growth is reduced because of increased 
assimilate partitioning to roots as plants replenish reserves for overwintering and 
spring regrowth (Hendershot & Volenec, 1993; Kim et al., 1993); Kim et al., 1991). 
Repeated grazing or cutting at immature (early) stages of growth (e.g. prior to the 
development of floral buds) or prolonged set stocking weakens the plants; they have 
reduced levels of root and crown reserves and reduced ability of the roots to seek and 
absorb water and nutrients. Rate of recovery is reduced, productivity declines and 
stand composition deteriorates (Keoghan, 1991). Thus, unlike many conventional 
pastures, lucerne requires careful grazing management to ensure maximum production 
and stand longevity. Rotational grazing throughout the year is recommended. This is 
primarily because lucerne grows from the tip of the stem rather than the base of the 
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plant, and thus continuous grazing allows stock to remove new lucerne shoots and 
restricts the ability of the plant to regrow. 
2.2.2 Lucerne dry matter production 
Generally, lucerne has a clear average annual dry matter (DM) yield advantage 
over ryegrass / white clover in environments with low average annual rainfall. The 
yield potential of lucerne is 20 t DM/ha, depending on water availability and grazing 
management. For example, at Lincoln University, Canterbury (annual rainfall 460 to 
660 mm) lucerne averaged 13.1 to 18.5 t DM/ha over five years, compared to 
cocksfoot / subterranean clover pasture at 9.9 to 12.9 t DM/ha and perennial ryegrass / 
white clover pasture at 8.0 to 12.9 t DM/ha (Mills et al., 2008) (Figure 2.3). 
 
Figure 2.3: Monthly irrigated dry matter yield (kg/ha/day) on high fertility soil. Blue 
– Ryegrass -white clover mix monthly dry matter yield with a total annual 
yield of 17.8tDM/ha based on (Black, 2004). Red – Ryegrass- white 
clover mix monthly dry matter yield showing a 10% decrease in dry 
matter production (compared with blue) with a total annual yield of 
16tDM/ha. Green – Ryegrass- white clover mix monthly dry matter yield 
showing a 25% decrease in dry matter production with a total annual yield 
of 13.4tDM/ha. Dotted orange: Lucerne monthly dry matter production 
under irrigation based on (Brown et al., 2000). 
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Figure 2.3 describes the difference in seasonal production between lucerne and 
ryegrass. Most of the dry matter for lucerne was produced in the three spring months 
from mid-September to mid-January, while little growth occurred during winter. In 
contrast, pasture production was greater than lucerne in cool season (winter to early 
spring), although it was much less in spring, autumn and summer drought.  
The superior nature of lucerne in comparison with other legume forages is 
well reported in literature. Herbage production, persistence, nutritive characteristics 
and utilisation of three perennial legume forages, chicory (Cichorium intybus L.), 
lucerne and red clover (Trifolium pratense L.) swards grown under irrigated and dry 
land conditions were compared over a 6-year period on a Wakanui silt loam soil in 
Canterbury, New Zealand (Brown, Moot, & Pollock, 2005) (Figure 2.4).  
 
Figure 2.4 : Annual dry matter yields of (A) dry land or (B) irrigated monocultures of 
chicory, lucerne or red clover and weed yields. Forages were grown on a 
Wakanui silt loam at Lincoln University, Canterbury, New Zealand and 
were sown on 1/11/1996. Bars represent one standard error of the mean 
for comparison of species means within and between irrigation treatments. 
Upper bars are for total production and lower bars are for weed production 
(Brown et al., 2005). 
Under irrigated conditions, annual yields of lucerne (16-28 t DM/ha) were 
30% greater than chicory or red clover (Brown et al., 2005). Lucerne yielded 17.5-21 
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t DM/ha under dryland conditions, which was also 30-50% greater than chicory or red 
clover. The yield advantage of irrigated lucerne came from greater cool season 
growth, with 15 kg DM/ha per day higher growth rates in September and 10-30 kg 
DM/ ha per day higher growth rates from March to May (Brown et al., 2005). 
Lucerne also had superior persistence, being 94% (dryland) and 55% (irrigated) of the 
botanical composition of swards in the sixth year, compared with 61% (dryland) and 
55% (irrigated) for chicory and 0% for red clover. However, if lucerne is to be used in 
grazed dairy farms, a feed budget should consider the impact this will have on feed 
supply on the shoulders of the season in autumn and early spring, when the growth 
relative to ryegrass pasture is reduced. Supplementary feeds such as silage, hay, 
concentrates, green feeds or grass are usually offered during  these feed deficits to 
sustain animal intakes (White, 1982). Basigalup and Ustarroz (2007), noted that if the 
objective is to increase individual cow productivity under high lucerne pasture 
utilization efficiency (PUE), some level of supplementation with conserved forages 
and/or concentrates must be used.  
2.3 Animal performance 
2.3.1 Lucerne DM intake 
Intake of herbage has been identified as the main factor limiting milk yield of 
grazing cows (Dillon, 2007; Leaver, 1985). In New Zealand’s pastoral dairying, 
nutritional needs of dairy cows are largely met by the supply of freshly grazed 
herbage from pasture, particularly from perennial ryegrass based pastures. Many 
reports show that when compared at the same digestibility, lucerne is eaten at slightly 
larger amounts than ryegrass. For example, in an indoor feeding experiment, 
Woodward, Waghorn, Attwood, and Li (2010), found that lucerne-fed cows always 
had a higher DMI than those fed ryegrass (Table 2.1), ranging from 12% higher on 
Day 4 to 23% on Day 10. A multitude of factors have been associated with this higher 
voluntary intake, including palatability and post-ingestion factors (Grovum & 
Chapman, 1988), that can be influenced by physical plant cues such as fibre content, 
plant and canopy structure, and chemical cues such as aroma, flavour, toxins, 
carbohydrate content, organic acid content. 
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Table 2:1: Dry matter intake, milk production, milk composition and feed conversion 
efficiency data from cows changed from ryegrass to lucerne on Day 4 or 
fed ryegrass throughout the experiment. The data here are the mean values 
for two treatments from Days 7 to 13 once milk production had stabilised. 
SED = Standard error of difference; DM = Dry matter; MS = Milksolids; 
ME = Metabolisable energy (Woodward et al., 2010) 
 
However, other comparative studies have found no significant difference in 
DMI between cows offered lucerne and ryegrass. Smith, Bryant, and Edwards (2013), 
reported that the daily dry matter intakes based on pre- and post-grazing herbage 
mass, were similar for early lactation dairy cows fed perennial ryegrass only, grass 
plus lucerne and lucerne only, with consumption being in the range of 15.3, 15.0 and 
15.2 ± 0.26 kg DM/cow/d respectively (P > 0.10). The authors also observed that 
consumption of nutrients on lucerne pastures was in favour of leaf components, due to 
the large reduction in leaf to stem ratio after grazing compared with pre-grazing. 
Before grazing lucerne leaf accounted for 55 ± 0.16% of the lucerne plant, 
furthermore, after grazing cows had removed 85% of the available leaf and only 6% 
of the upper stem. 
2.3.2 Grazing behaviour of dairy cows 
2.3.2.1 Grazing intake by dairy cows 
Pasture DMI of grazing cows can be expressed as the product of grazing time 
(min/d), bite rate (bites/min), and bite mass (g DM/bite) (Hodgson & Brookes, 1999; 
Rook, 2000). Few grazing behaviour studies have been conducted with high 
producing dairy cows grazing lucerne under practical or production conditions, 
probably because of methodological limitations. Bite mass can be measured directly 
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by using esophageally fistulated animals or indirectly dividing pasture DMI by the 
total bites/d (Forbes, 1988; Rook, 2000). Because use of esophageally fistulated 
animals is expensive and may compromise animal welfare and normal behaviour, bite 
mass is often calculated indirectly (Rook, 2000). Both biting rate and grazing time can 
be measured visually or automatically (Forbes, 1988). Visual estimation of biting rate 
requires the recording of head movements and sound associated with pasture 
prehension. Automatic methods for biting rate are based on recording jaw and 
sometimes head movements. Visual grazing time measurements are based on 
recording grazing activity at different intervals (e.g., 5 to 10 min), with the 
disadvantages of being labour intensive and limited by daylight (Rook, 2000). 
Traditionally, automatic grazing time measurements are conducted using vibracorders 
(Forbes, 1988). An automatic method for grazing behaviour estimation developed by 
Rutter, Champion, and Penning (1997), has several advantages such as fewer people 
required, less operator-associated errors, and more detailed behaviour information 
(Champion, Rutter, & Delagarde, 1998). 
Among the three grazing behaviour variables, bite mass has the greatest 
influence on pasture DMI (Forbes, 1988; McGilloway & Mayne, 1996). Although bite 
mass is also affected by the animal's anatomy characteristics e.g., mouth; (Rook, 
2000), it is principally determined by pasture-related characteristics (Hodgson & 
Brookes, 1999), such as pasture height (McGilloway, Cushnahan, Laidlaw, Mayne, & 
Kilpatrick, 1999; Phillips, 1993) and density (Rook, 2000). Pasture height is the major 
constraint on bite mass in temperate pastures, with the effect primarily on bite depth 
rather than on bite area (Rook, 2000). Dairy cows consistently remove around one-
third of the height of pasture, regardless of pasture height (Wade, Peyraud, Lemaire, 
& Comeron, 1989). Bite mass decreases with a reduction in pasture height both in 
unsupplemented (Gibb, Huckle, Nuthall, & Rook, 1997; McGilloway et al., 1999) and 
supplemented (Rook, Huckle, & Penning, 1994) dairy cows. 
In many grazing behaviour studies, pasture height is expressed as sward 
surface height, which refers to the height of the top surface of the leaf canopy on an 
undisturbed sward (Hodgson & Brookes, 1999). Gibb et al. (1997), reported that for 
dairy cows continuously grazing ryegrass, bite mass decreased from 0.31 g OM/bite at 
7 or 9 cm to 0.23 g OM/bite at 5 cm, whereas neither biting rate (76 bites/min) nor 
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grazing time (604 min/d) were affected by sward surface height. McGilloway et al. 
(1999), found that bite mass decreased from 1.28 to 0.85 g DM/bite in one experiment 
with reductions in sward surface height (from 21 to 7 cm) and from 1 to 0.66 g 
DM/bite in a second experiment with reductions in sward surface height (from 11 to 6 
cm), while biting rate was not affected (56 bites/min in experiment 1; 62 bites/min in 
experiment 2). In a third experiment, an interaction was found between sward surface 
height and density; bite mass was reduced with reductions in sward surface height 
more at low pasture density (from 1.02 to 0.47 g DM/bite) than at high pasture density 
(from 0.97 to 0.63 g DM/bite; (McGilloway et al., 1999). 
Grazing time and biting rate are influenced by animal-related characteristics 
such as genetic merit and milk production. Both grazing time and biting rate act as 
compensatory mechanisms to avoid reductions in pasture DMI when bite mass 
decreases. However, these compensatory mechanisms have a limit. The upper limit of 
grazing time to compensate for a reduction in bite mass is determined for the time 
required for other activities such as ruminating (Rook, 2000). Under poor pasture 
conditions (e.g., very short pasture), all three variables decline (Hodgson & Brookes, 
1999). High genetic cows had higher grazing time and biting rate than low genetic 
cows supplemented with concentrate (Bao, Giller, & Kett, 1992). High genetic cows 
grazed a ryegrass pasture for longer time (218 vs. 204 min, measured visually for a 
period of 7 hrs.) and at a higher biting rate (64 vs. 61 bites/min) than low genetic 
cows. Two recent studies (Bargo, Muller, Delahoy, & Cassidy, 2002; Pulido & 
Leaver, 2001), reported that high producing cows had greater grazing time, number of 
bites per day and rate of intake than low producing cows. 
2.3.2.2 Legume vs. Pasture grazing intake  
A review by Popp, McCaughey, Thomas, and Cohen (1999), reported 
voluntary intake of legumes to be 28% greater than for equally digestible grasses 
(Minson, 1971). Higher intake of lucerne compared with grasses appears to be due to 
increased rate of digestion and increased rate of passage of the neutral detergent fibre 
(NDF) fraction (Hacker & Minson, 1981; Poppi, Minson, & Ternouth, 1981; Ulyatt, 
Lancashire, & Jones, 1977). The form, maturity and availability of herbage have all 
been shown to also affect voluntary intake (Chacon, Stobbs, & Sandland, 1976; 
Dougherty, Lauriault, Cornelius, & Bradley, 1989b; Stobbs, 1974). Dougherty, 
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Lauriault, Cornelius, and Bradley (1989a), showed that cattle consumed fresh leafy 
lucerne herbage at a greater rate than wilted or stemmy herbage. Differences in 
consumption rates appeared to be related to bite size and biting rate, the former being 
controlled primarily by herbage availability and form (Hodgson, 1981; Stobbs, 1974). 
Factors that reduce bite size will also reduce intake rate (Dougherty, Lauriault, 
Cornelius, & Bradley, 1989c), which in turn results in increased grazing time and 
energy expenditure during grazing, which affects cattle performance negatively 
(Hancock & McMeekan, 1954; Hodgson, 1981; Popp, McCaughey, & Cohen, 1997; 
Stobbs, 1974). When herbage availability increases, intake rate also increases, even 
when pastures are of similar digestibility and protein content (Dougherty et al., 1988). 
The higher intake rates observed for cattle grazing lucerne pastures can be attributed 
to the sward structure, which maximizes herbage intake per bite (Alder & Minson, 
1963; Dougherty, Lauriault, Cornelius, & Bradley, 1987) and consequently reduces 
the time and effort spent in grazing (Popp et al., 1997). With reduced energy 
expenditure for grazing leaves, more energy is available for production (ARC, 1980). 
Cattle grazing lucerne herbage have been reported to consume feed DM at a rate of 
0.5 to 0.6% of their body weight per hour (Dougherty et al., 1987). At equivalent 
herbage allowances, however, animals in rotationally stocked pastures tend to 
consume more nutrients per day than those in continuously stocked pastures (Popp et 
al., 1997; Walker, Heitschmidt, De Moraes, Kothmann, & Dowhower, 1989; Walton, 
Martinez, & Bailey, 1981). Regardless of grazing strategy animal performance on 
lucerne is impacted to a greater degree by herbage availability through its effect on 
ingestive behaviour than by herbage quality (Dougherty et al., 1988; Hart, 1972; Hart, 
Samuel, Test, & Smith, 1988; Heitschmidt, Dowhower, & Walker, 1987; Popp et al., 
1997; Ralphs, Kothmann, & Merrill, 1986; Walker et al., 1989). 
2.3.3 Milk production, composition and Milk-solids yield 
The value of legumes for milk production has been attributed to higher intakes 
by cows and a higher nutritive value compared to ryegrass. However, there are fewer 
reports on milk production from cows grazing lucerne compared to grass pasture. 
Short-term experiments at DairyNZ’s Lye Farm, Hamilton, New Zealand showed that 
cows fed 95% lucerne produced 20% more milk per day than cows fed ryegrass-
dominant pasture (Woodward et al., 2010), which was attributed to higher forage 
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quality and higher DM intakes.  A recent dairy farmlet trial in the Waikato also 
evaluated productivity and profitability by comparing a farmlet based on ryegrass-
white clover with a forage mixed ration (FMR) farmlet that included annual ryegrass, 
lotus, red and white clovers and lucerne (Woodward, Roach, MacDonald, & Siemlink, 
2008). Milk solids production per cow was 9.5% higher on the FMR farmlet in 
2006/2007 and 5.5% higher in 2007/2008, with most of this advantage in late 
summer-autumn when the FMR cows were producing 20% more milk. Woodward et 
al. (2008), concluded that including high nutritive value legume forages on-farm did 
have a positive response on MS production and profitability. Previous experiments 
where ryegrass was substituted with legumes have also increased MS production and 
the effects of feeding lucerne on milk composition mimicked changes reported when 
white clover, lotus and Sulla were fed (Harris, Auldist, Clark, & Jansen, 1998; Harris, 
Clark, & Laboyrie, 1998; Harris, Clark, Auldist, Waugh, & Laboyrie, 1997; 
Woodward, Auldist, Laboyrie, & Jansen, 1999; Woodward, Waghorn, Lassey, & 
Laboyrie, 2002b).  
Mace (1982), reported that in general, lucerne is likely to increase milkfat 
production only on soil types where it consistently out-yields pasture by at least 30%, 
but the beneficial effects of lucerne are more obvious where it has a feed production 
advantage of 50% or more.  Thomson and Lagan (1981), found that while lucerne 
produced 23% more dry matter than pasture, milkfat yield per cow was 21% less and 
milkfat per hectare was 12% less. Woodward et al. (2010), also showed significant 
differences in milk composition with reduced milk fat% compensated by an increase 
in milk protein (Table 2.1). Analysis of daily milk composition showed the change 
from ryegrass pasture to lucerne reduced milkfat and increased milk protein 
concentrations over three days, so from Day 7 lucerne fed cows had 8% lower milkfat 
and 13% higher milk protein concentrations. 
Other component studies have however shown that milk production and 
composition from grazed lucerne is similar to grass when offered at same allowance, 
but urine has slightly higher nitrogen concentration due to more crude protein in diet 
compared to grass. In the UK, Limon Sanchez and Campling (1982) offered second 
growth lucerne for grazing by milking cows for 17 days in July and third growth for 
10 days in August, 1980. The daily milk yield of the cows grazing lucerne was similar 
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to that on ryegrass, and in this short trial, 60 to 75% of the lucerne was eaten at one 
grazing. In New Zealand, a field experiment established in spring by Smith et al. 
(2013) at Lincoln University Research Dairy Farm in September 2012, reported 
similar mean milk and MS yields between cows offered ryegrass and lucerne swards, 
averaging 26 kg/cow/d and 2.23 kg MS/cow/d respectively  (Table 2.2). A validation 
study of whole–farm model (e-Dairy) conducted for lucerne-based dairy systems in 
Argentina and rye-grass-based dairy systems in New Zealand (Baudracco et al., 
2011), also showed similar patterns  in DM intake, milk and MS yield in dairy cows at 
different stocking rate. 
Table 2:2: Milk production variables and total two-week milk yield for dairy cows in 
early lactation grazing either, ryegrass/white clover pasture, lucerne in the 
morning followed by grass in the afternoon, or lucerne. SED = Standard 
error of the difference (Smith et al., 2013). 
 
. 
2.3.4 Animal supplementary feeding responses 
2.3.4.1 The need for supplements in lucerne-based dairy systems 
When a 100% lucerne grazing system is compared with a 100% pasture 
system, the inadequate seasonal feed distribution of lucerne becomes obvious (Mace, 
1982). In New Zealand, a disadvantage of lucerne is its lack of autumn/winter and 
early spring growth (Mills et al., 2008) and its quality declines rapidly as it matures, 
particularly in summer and autumn (Brown & Moot, 2004; Fletcher, 1976). To 
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minimise the feed deficit during these periods of reduced growth, farmers could delay 
calving and/or feed supplements.. 
In addition to using supplementary feed to sustain animal performance when 
pasture supply is limited, there is also the possibility to explore the supplement option 
to mitigate the effects of higher rumen degradability of lucerne protein. Previous 
studies have reported higher N output in milk, dung and urine for dairy cows fed 
lucerne in comparison to pasture. Ledgard (2006), found urinary-N output to be 
higher (23 kg N/cow) for cows fed lucerne than those fed pasture (11 kg N/cow), 
cereal silage (5 kg N/cow) or maize silage (3 kg N/cow) (Table 2.3). 
Table 2:3: Effect of feed source on N output in milk, dung and urine (kg N/cow/yr.) 
in absolute and relative terms (Ledgard, 2006) 
 
 Van Vuuren and Mejis (1987), also examined the efficiency of cows fed the 
same dry matter levels of grass pasture or a 50:50 mix of pasture : maize silage diet 
and measured 40% greater conversion of dietary N into milk and 45% less N excreted 
urine from the pasture : maize silage diet. Many research studies investigating 
supplementary feeding of dairy cattle on temperate pasture have been reviewed with 
an attempt to provide predictive information regarding the response of dairy cows to 
supplementary feeds (Journet & Demarquilly, 1979; Kellaway & Porta, 1993; Leaver, 
1985; Leaver, Campling, & Holmes, 1968; Mayne, 1991; Penno, 2002; Rattray, 
Brookes, & Nicol, 2007; Stockdale, 1997).  Penno et al. (2006), demonstrated that the 
specific mixture of nutrients provided by supplements had little effect on the DM 
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intake response to supplementary feeding. However, most of the data on the response 
of dairy cows to supplementary feed have been drawn from the interaction between 
grass-supplement in comparison to lucerne-supplement. This study aimed to quantify 
the responses to supplements by dairy cows grazing lucerne.  
2.3.4.2 Response to supplements by dairy cows 
Generally, when supplements are consumed by grazing cows, DM intake of 
grass pasture is reduced (Homes & Roche, 2007; Kellaway & Porta, 1993). An effect 
referred to as substitution, because supplement is substituting for pasture. The 
substitution rate (reduction in kg DM herbage intake per kg DM supplement 
consumed) increases as herbage allowance (HA) increases (Meijs & Hoekstra, 1984; 
Penno et al., 2006). Substitution can also result from a reduction in grazing time 
(Bargo et al., 2003). This could be considered an indirect cause, because the main 
cause is the reduction in the relative energy deficit of the cow (less hunger) as the feed 
allowance is increased by feeding supplements while maintaining the HA. The 
relative energy deficit is the amount of energy consumed by a cow relative to her 
demand. The deficit increases when energy demand is high, and/or when energy 
consumption is low (Grainger, 1990; Homes & Roche, 2007; Penno, Macdonald, & 
Holmes, 2001). Meijs and Hoekstra (1984), concluded that the effects of the factors 
influencing substitution rate may partly be related to the difference between the intake 
of nutrients from herbage and the nutrient requirement. Therefore, animal, sward, 
supplements and management factors that increase the relative energy deficit of the 
cow will decrease substitution rate. 
Relative energy deficit between potential energy demand and actual energy 
supply is key driver of the response to supplements (Penno et al., 2001). Milk 
response to supplementation is the increase in milk yield per kg DM supplement 
offered. A negative relationship exists between substitution rate and milk response to 
extra feed. Lower substitution rates are associated with higher total DM intake and 
consequently higher milk response to supplements (Bargo et al., 2003; McEvoy et al., 
2008). Responses to supplementary feeds are highly variable. This is because they 
depend on a wide range of factors, involving the cows, feeds and management 
systems. If all the ME from extra feed consumed were converted into milk, 1 kg of 
MS would be produced, approximately, with an extra intake of 68 MJ of ME by a 
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500 kg LWT, New Zealand Holstein Friesian (HF) cow (Holmes et al., 2002). 
Therefore, 1 kg DM intake as supplement (12 MJ ME/kg) would allow a theoretical 
milk response of 176 g milk-solid (MS) (2.3 litres of milk 7.7% MS). This is the 
maximum possible response from extra feed, assuming that all supplementary feed is 
consumed and all energy converted into milk (Homes & Roche, 2007). However, in 
practice, responses will be lower than the maximum possible, because the 
consumption of supplementary feed usually causes some decrease in pasture 
consumption (substitution) and some increase in LWT gain. 
When the marginal and the carry-over effects of including supplements in a 
pastoral system are added, the total response to extra feed will almost always be 
smaller than the expected response (Holmes & Matthews, 2001). Average responses 
from 78 to 99 g MS/kg DM supplemented (with 12 MJ ME/kg DM) has been reported 
for whole-lactation experiments (Clark, 1993; Macdonald, 1999; Penno, 2002), which 
is around 1 kg milk. Kellaway and Porta (1993), reviewed experiments using 
supplementary feeds in Australia and concluded that when pasture was restricted, 
offering concentrates was likely to result in an immediate effect of 0.5 kg milk/kg 
concentrate fed (about 41 g MS/kg DM). However, Bargo et al. (2003), in a review of 
grazing experiments, reported that milk production increased linearly as the amount of 
concentrate increased from 1.8 to 10 kg DM/cow per day, with an immediate milk 
response of 1 kg milk/kg concentrate for high-yielding dairy cows. In agreement with 
these previous studies, Dillon (2007), reported that up until the early 1990s, average 
substitution rates published were around 0.6, resulting in an immediate response of 
approximately 0.4 to 0.6 kg of milk per kg of concentrate, with most of these studies 
carried out with low- to moderate-yielding cows (15 to 25 kg per cow per day). A 
lower substitution rate (0.40) and higher immediate milk response (0.92 kg of milk 
per kg of concentrate) were found in recent studies (Dillon, 2007).  
Average immediate/marginal milk responses of 0.88 kg of energy-corrected 
milk (ECM) per kg of supplement and an average substitution rate of 0.36 were 
calculated from recent experiments (Baudracco et al., 2010). The higher response to 
concentrate supplementation with higher genetic merit cows may be attributed to 
greater nutrient partition to milk production than with lower genetic merit cows 
(Dillon, 2007).  
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A review of studies evaluating the effect of supplementation on grazing 
behaviour of dairy cows by Bargo et al. (2003) showed that increasing the amount of 
supplement reduced grazing time but did not affect biting rate (Arriaga-Jordan & 
Holmes, 1986; Bargo et al., 2002; Gibb, Huckle, & Nuthall, 2002; Kibon & Holmes, 
1987; Rook et al., 1994). Arriaga-Jordan and Holmes (1986), reported that grazing 
time was reduced by 11 minutes/kg of concentrate in continuous grazing and 8 min/kg 
of concentrate in rotational grazing, while biting rate was not affected by the amount 
of supplementation. Similarly, Rook et al. (1994), reported that concentrate 
supplementation, but not pasture height, reduced grazing time by 20 min/kg of 
concentrate, and bite mass decreased as pasture height decreased, while the 
supplementation amount had no effect on bite mass (Rook et al., 1994). Amount but 
not type of energy supplement (cereal vs. beet pulp) reduced grazing time 8 to 12 
min/kg of concentrate by dairy cows grazing ryegrass at two pasture heights (Kibon & 
Holmes, 1987). Biting rate was not affected by supplementation amount, type of 
supplement or pasture height, while bite mass was lower at the low pasture height 
(Kibon & Holmes, 1987). Recently, Sayers (1999) found that total bites per day and 
grazing time were higher when cows were supplemented with a fibre-based 
concentrate than when cows were supplemented with a starch-based concentrate, 
whereas bite mass was not affected. When the amount of concentrate was increased 
from 5 to 10 kg/d, total bites/d decreased from 22,023 to 16,933 and grazing time 
decreased 16 and 20 min/kg of fibre-based or starch-based concentrate, respectively 
(Sayers, 1999). 
Bargo et al. (2002), reported that supplementation with 7.9 kg/d of a corn-
based concentrate reduced grazing time by 75 min/d at low PA and by 104 min/d at 
high PA. Neither biting rate nor bite mass was affected by treatments. Gibb et al. 
(2002) reported that as the amount of concentrate supplementation increased from 1.2 
to 6.0 kg/d, grazing time of dairy cows grazing a ryegrass pasture decreased 
numerically from 591 to 572 min/d. Supplementation with 2 kg/d of soybean meal did 
not change any grazing behaviour variables of dairy cows grazing a ryegrass pasture 
fertilized with 0 or 60 kg of N/ha (Delagarde, Peyraud, & Delaby, 1997). Bite mass 
was higher when cows grazed the fertilized pasture (Delagarde et al., 1997). Sayers 
(1999), studied the effect of amount and CP content of concentrate supplementation 
on grazing behaviour of dairy cows on a ryegrass pasture. None of the grazing 
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behaviour variables were affected by the CP content of the concentrate. Total bites per 
day and grazing time were reduced as the amount of concentrate was increased, but 
neither the bite mass nor the biting rate changed (Sayers, 1999). 
2.3.5 Utilisation of dietary protein for grazed pasture  
One of the major challenges associated with diets consisting of grazed pasture 
is the low efficiency of protein utilisation. This can be largely attributed to impaired 
rumen function due to (1) the relatively high concentration of soluble protein, and (2) 
the imbalance in the supplies of carbohydrate and protein (Beever & Reynolds, 1994; 
Lantinga & Groot, 1996). When supplies of readily available energy (mainly water-
soluble carbohydrates) in the rumen are sufficiently high, amino acids taken up by the 
microbes can be incorporated into microbial protein. However, when the availability 
of water-soluble carbohydrates is relatively low, either amino acids or structural 
carbohydrates of the plant are used by rumen microbes for the bulk of their energy 
supply. These compounds are relatively slowly degradable and, as a result, there can 
be a lack of both balance and synchronisation of N and energy release in the rumen. 
This leads to ammonia accumulation in the rumen, which is absorbed across the 
rumen wall and subsequently converted into urea (Miller et al., 2001; Nocek & 
Russell, 1988). This urea is mainly excreted through the urine and rapidly converted 
to ammonia, which is highly prone to volatilisation (Jarvis, Hatch, & Roberts, 1989), 
and to nitrates, which can either be used by crops or lost through leaching (Smith & 
Frost, 2000). 
Forage legumes with good nutritional value when grazed as a sole diet e.g. 
lucerne (Medicago sativa L.), red clover (Trifolium pratense), chicory (Cichorium 
intybus), lotuses (Birdsfoot trefoil - Lotus corniculatus; Lotus – Lotus pedunculatus) 
and sulla (Burke, Waghorn, & Chaves, 2002), usually have higher protein content 
(especially in the leaf), which is rapidly degraded in the rumen so very little plant 
protein reaches the small intestine (Dhiman, Cadorniga, & Satter, 1993).Whilst the 
crude protein content of grass with moderate levels of nitrogen (N) fertiliser is often 
relatively close to animal requirements (130 to 170 g/kg DM), legumes often contain 
much higher levels (180 to 300 g/kg of DM), much in excess of animal requirements 
(Dewhurst, Delaby, Moloney, Boland, & Lewis, 2009). Mills and Moot (2010), 
showed lucerne herbage had N yields of up to 510 kg N/ha/yr which were higher than 
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any of the grass based pasture species, including the sown species in the perennial 
ryegrass/white clover pasture which yielded only 151 kg N/ha in the same year. High 
yields of herbage N were also recorded for temperate forage legumes grown under 
irrigated conditions, for example; 250 – 500 kg N ha-1 for lucerne (Kleinschmidt, 
1967; Simpson, 1976; Teakle, 1957) and 200 – 500 kg N ha-1 for white and red 
clovers (Kleinig, Noble, & Rixon, 1974; Richardson & Gallus, 1932; Simpson, 1976). 
Brown and Moot (2004), compared irrigated lucerne with monocultures of chicory 
and red clover, and found the utilised portion of the lucerne swards to provide 30% 
greater crude protein (CP) and metabolisable energy (ME) than the other species. The 
CP content was found to be 290 g/kg DM in the leaf while the ME was equal to 10.9 
MJ/kg DM. The latter figure was comparable to 11.2 MJ/kg DM found by Mills and 
Moot (2010). Utilisation of lucerne remained between 72 and 80% over the five year 
period, with the exception of an average of 65% utilisation in year four, when snow 
caused significant lodging. The higher N content in herbage gives production 
advantages both in terms of increasing the amount of protein available for animal 
intake, and also higher growth rates and water use efficiency. 
Increasing the CP content of dairy cow diets may result not only in greater 
milk production (Armentano, Bertics, & Riesterer, 1993; Wu & Satter, 2000), but also 
in increased concentrations of ruminal ammonia and blood urea N and consequently 
greater urinary N losses (Figure 2.5) (Armentano et al., 1993; Castillo et al., 2001b; 
Christensen, Lynch, Clark, & Yu, 1993).The high level of protein in legumes and 
extensive degradation during ensilage means that freshly grazed and ensiled legume 
contain high levels of quickly degradable N. This leads to inefficient utilisation 
(Dewhurst, Fisher, Tweed, & Wilkins, 2003) and particularly high urinary N output 
(Cohen, Stockdale, & Doyle, 2006; Dewhurst, Davies, & Kim, 2010). Lucerne has a 
higher supply of rumen degradable protein. The dietary proteins are hydrolysed in the 
rumen depending on their solubility  and are hydrolysed to produce amino acids 
which are further deaminated to ammonia (Kirsopp, 2001). If in excess of dietary 
requirements or in the absence of enough energy, the ammonia may not all be 
converted to microbial protein.  Because ammonia is toxic in the rumen liquor it is 
transported out via the bloodstream to the liver where it is converted to urea at an 
energy cost to animal and excreted. This in combination with the slow winter growth 
means that potential N losses could be greater than ryegrass/white clover mixtures.  
Chapter 2  
39 
 
An analysis of nitrogen balance experiments conducted on 91 diets and 580 
dairy cows in different countries (Castillo et al., 2000), revealed that the average 
efficiency of utilisation of N intake for milk protein production is 28%. The detailed 
measurements needed for these studies mean that they have usually been done with 
stall-fed cows, occasionally with cut grass. The available evidence suggests that 
problems of urinary N are greater with cows grazing pasture than when fed silages 
and concentrates or total mixed rations. Castillo et al. (2000), showed that faecal N 
averaged 21% of N intake. Urine was the main route for excretion of N in dairy cows, 
particularly when they consume over 400 g N/day- which is the case with high-quality 
pasture and forage legumes. A curvilinear relationship exists between urine N levels 
and N intakes (Figure 2.5) (Castillo et al., 2000). 
 
 Figure 2.6: Relationship between N intake (g/day) and urinary N excretion (g/day) 
(Castillo et al., 2000) 
2.3.6 Improving NUE through pasture manipulation and supplemention 
2.3.6.1 Pasture composition 
The low utilisation of plant protein has often been associated with the 
imbalance between the rapid degradation of plant protein and the slow fermentation of 
most plant carbohydrate (fibre) in the rumen. This has been described as the rumen 
synchrony concept and has led to investigation of strategies to produce diets with 
slower protein degradation and faster carbohydrate availability (e.g. from increased 
water-soluble carbohydrate levels). A number of researchers have tried to improve 
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rumen synchrony by identifying plant mechanisms, such as condensed tannins (CT) 
and polyphenol oxidase (PPO), which reduces protein degradation rates in the rumen. 
Unfortunately, the forages that contain these mechanisms- notably birdsfoot trefoil 
(CT) and red clover (PPO) - do not fit into dairy systems for other reasons e.g. the 
birdsfoot trefoil is not agronomically suited to most conditions and  the action of PPO 
is inhibited when red clover is ensiled before feeding. Thus, in general, altering the 
characteristics of pasture proteins has not had major effects on nitrogen utilisation in 
practice (Dewhurst, 2006).  
In contrast, there is much greater evidence for beneficial effects of increasing 
the supply of fermentable carbohydrates, particular when simultaneously reducing 
protein content. Ryegrass cultivars with a high water-soluble carbohydrate content led 
to a significant improvement in the utilisation of pasture N (from 30 to 37% in late 
lactation cows (Miller et al., 2001). The success of high-sugar grasses in improving 
nitrogen utilisation may be as much to do with reduced crude protein content as it is 
with increased levels of water-soluble carbohydrates (Miller et al., 2001). Reduced 
urinary N excretions are most likely to occur if ryegrasses can be produced with 
WSC: CP ratios of 0.7 or above (Edwards, Parsons, & Rasmussen, 2007), equivalent 
to CP:WSC of 1.3 or below (Pacheco, Burke, & Cosgrove, 2007). High protein and 
low water-soluble carbohydrate levels in autumn pasture are associated with low 
efficiency of utilisation of feed N (Beever, Terry, Cammell, & Wallace, 1978). Orr, 
Rutter, Penning, and Rook (2001), in the UK and Trevaskis, Fulkerson, and Nandra 
(2004), in Australia demonstrated improved intakes and a tendency for improved 
production when cows are given new pasture allocations in the afternoon, when 
water-soluble carbohydrates are higher. It is likely that this would also increase N-
utilisation. Studies reviewed by Peyraud and Astigarraga (1998), all showed that 
reduced levels of N fertilisation caused only a small (i.e., 5% on average) reduction in 
the amount of non-ammonia N entering the intestine despite a much lower CP content 
and a slightly lower CP digestibility in less fertilised grass (Delagarde et al., 1997; 
Peyraud, Astigarraga, & Faverdin, 1997; Van Vuuren, Krol-Kramer, Van der Lee, & 
Corbijn, 1992). This resulted in a decreased output in urinary N, whereas N excretion 
through dung was hardly affected (Peyraud & Astigarraga, 1998). However, when CP 
content falls below animal requirements, a reduction in both herbage intake and 
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protein intake may result in decreased animal production (Minson, 1990; Peyraud & 
Astigarraga, 1998). 
2.3.6.2 Level and type of supplement 
In pasture-based systems, previous efforts to improve N capture have focused 
on improving energy supply to the rumen, with the objective of incorporating more 
ammonia into microbial protein and, thereby, increasing the AA flow to the small 
intestine (Kolver, Muller, Barry, & Penno, 1998b; Miller et al., 2001; Moorby, Evans, 
Scollan, MacRae, & Theodorou, 2006; Sairanen, Khalili, Nousiainen, Ahvenjärvi, & 
Huhtanen, 2005). Studies and commercial practice in Europe and the US suggest 
possible solutions to the low efficiency of utilisation of pasture N through the use of 
low-protein supplements such as maize silage. North American dairying is based on 
the complementary characteristics of a high-protein legume (e.g. lucerne) and low-
protein forage (maize silage) (Basigalup & Ustarroz, 2007). Similarly, UK work has 
shown good levels of milk production with low urinary N output by combining 
legume silages with maize silage (70% less urinary N per kg milk protein) (Dewhurst, 
Merry, & Davies, 2005). Lucerne contains high levels of rapidly degradable N and 
this is reflected in the difference between PDIN and PDIE values (INRA, 2007).  
The supplementation with energy-rich concentrate which is required to 
overcome the relatively low energy concentration of legumes will reduce urinary N 
losses (Cohen et al., 2006). When concentrate supplements were offered, the use of 
low-protein supplements rich in fermentable carbohydrates increased nitrogen 
efficiency (Keady, Mayne, & Marsden, 1998), whilst supplementation of pasture with 
soya bean meal (around 48% protein) led to a substantial increase in urinary N 
excretion (Delagarde et al., 1997). However, even when low-protein supplements are 
used, the increased stocking rates achieved and importation of protein on to the farm 
make it likely that urinary N production per hectare will increase. 
2.3.7 Potential Animal Health Risks 
The danger of ruminants developing legume bloat (also known as pasture 
bloat) limits the greater use of legumes for grazing. Legumes such as red clover, white 
clover and lucerne can cause bloat (Majak, Hall, & McCaughey, 1995). When direct 
grazing lucerne some animal health issues can develop. These are most likely when 
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the lucerne is lush in early spring (Moot, 2009). Bloat occurs due to a build-up of gas 
in the rumen and can lead to acute abdominal distension (Howarth et al., 1991), with 
the rate of gas production being greater than the animal’s ability to expel the gas from 
the rumen. Thompson, Brooke, Garland, Hall, and Majak (2000), showed that the 
early stages of lucerne growth were the most likely to cause bloat. This was 
associated with a higher CP concentration and a lower DM and fibre concentration. 
Majak et al. (1995), demonstrated an increase in the probability of bloat with 
increasing soluble protein concentration. The rapid release of soluble protein into 
ruminal fluid promotes the formation of a polysaccharide slime that traps the rumen 
gases (Clarke & Reid, 1974; Howarth et al., 1991; Pinchak et al., 2005). Other studies 
have demonstrated the importance of small particles e.g., chloroplast fragments from 
immature lucerne in the development of pasture bloat. The rumen bacteria attached to 
these particles have an abundance of carbohydrates, both internal (as storage granules) 
and external (as slime) which contribute to froth formation (Majak, McAllister, 
McCartney, Stanford, & Cheng, 2003). The small particles themselves also play an 
important role in froth formation as they become part of the slime matrix in which the 
gas bubbles get trapped (Majak et al., 2003). 
Bloat may be alleviated by restricting access to lucerne/alfalfa or by grazing 
cattle before they come in the sward. Supplementing cattle with roughage (e.g. hay or 
maize silage) ahead of grazing lucerne and/or graze lucerne alternatively with pasture 
grass. Some grazing management precautions that will also greatly reduce the risk of 
bloat (Pioneer, 2010), include avoiding grazing lucerne when it is fresh and lush 
(particularly in the spring and autumn following a break), and when the stand is 
immature. Mature stands are much safer. Hungry stock should not be put onto lucerne 
to prevent them from gorging on high quality feed which can cause bloating. When 
lucerne is lush, after rain, or during early spring, animals should be fed hay or allowed 
access to adjacent grass or weedy areas for roughage. Grazing cattle have access to 
anti-bloating agents (drenches, addition to the water supply, rumen bloat capsules or 
rumen bullets, spraying) especially in intensively grazed systems (Cook et al., 2005).  
At similar stage of growth lucerne has higher concentrations of the major 
mineral elements of nutritional importance compared to grass, white or red clover 
(Thom & Smith, 1980). One exception is that the concentration of sodium in lucerne 
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is usually considerably lower than in grass. In New Zealand supplementation with 
sodium chloride of cattle and sheep grazing lucerne has been shown to have a marked 
beneficial effect on health and production (Jagusch, 1982). 
2.3.8 Summary  
Lucerne has the ability to produce large quantities of quality herbage. Average 
yields of up to 28 t DM/ha/yr. have been recorded under irrigated conditions on fertile 
soils in New Zealand.  Despite this superior yield particularly when compared to 
ryegrass/white clover pastures and other forage legumes, lucerne lacks growth in 
autumn/winter and early spring when temperatures and photoperiods decrease. This in 
turn reduces both growth and development. These periods of feed deficit often 
provide opportunities for the use of supplementary feeds to sustain higher animal 
performance and conserve feed. Supplements are also offered as they may dilute the 
amount of nitrogen (N) eaten, thereby potentially reducing the quantity of N excreted 
in dairy cows grazing high N forages such as lucerne. 
Most of the data on responses of dairy cows to supplementary feeding has 
been obtained mainly from grazing experiments with ryegrass dominant pastures in 
New Zealand. These data show that supplementary feeds when offered often reduce 
pasture DMI (i.e. substitution), due to the reduction in the relative energy deficit of 
the cow (less hunger). Substitution can also result from a reduction in grazing time, 
but this is an indirect cause. A negative relationship exists between substitution rate 
and milk response to extra feed. Average substitution rates published are around 0.6 
(for early 1990s), resulting in immediate response of approximately 0.4 to 0.6 kg of 
milk per kg of concentrate, with most of these studies carried out with low- to 
moderate-yielding cows (15 to 25 kg per cow per day).  
 Studies show that DMI, milk production and composition from grazed lucerne 
is similar to grass when offered at same allowance, but urine has slightly higher 
nitrogen concentration due to more crude protein in diet compared to grass. Thus, 
opportunity exists to develop grazing systems for the dairy industry based on lucerne 
monocultures or with grass mixtures in New Zealand to complement grass pasture-
based systems. However, research data on feeding supplements to improve dairy cow 
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performance and reduce urinary N output under lucerne grazing conditions is 
currently limited compared to ryegrass/white clover pasture. 
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Chapter  3. 
MATERIALS AND METHODS 
3.1 Experimental site 
The experiment was conducted at Lincoln University Research Dairy Farm 
(LURDF), Canterbury, New Zealand, between March and May, 2013 under the 
authority of Lincoln University Animal Ethics. The farm lies at latitude 43
o
39' South 
and longitude 172
o
27' East. With an altitude of approximately 18 meters above sea 
level (ASL). Mean annual maximum and minimum temperatures are 32 °C and 4 °C 
respectively and average annual rainfall is 666 mm (SIDDC, 2010). The experimental 
area was made up of 4 lucerne paddocks (labelled A2, A4, A5 and A7; Figure 3.1); 
each of 1.5 ha in size situated on a mix of Templeton silt loams and Paparua sandy 
loam soils. The 4 paddocks were drilled as pure swards at 10 kg seed/ha with cv. 
Force Four lucerne (Medicago sativa L.) sown on 15 February 2012 after a double 
spray (Glyphosate 3L/ha) summer fallow and full cultivation. Trifularin (2L/ha) was 
used as a pre-emergence herbicide to control early weed establishment. Gallant™ 
Ultra (300mls/ha) was applied to control annual grass weeds that established with the 
crop mainly poa annua and also 65 g of Preside™ was sprayed onto crop to control 
established broadleaf weeds. Selection of cows used in the experiment was done on 
25
th
 February, 2013 and data collection was done from 4
th
 March to 24
th
 April, 2013.. 
3.2 Experimental design and treatments 
The experiment was an incomplete randomised crossover design consisting of 
three diet treatments and two periods, each of 15 days with an adaptation phase and 
washout period of 7 days each (Table 3.1). Experimental treatment diets were: 1. 
strip-grazed lucerne only offered at 15 kg DM/cow/day (L); 2. lucerne (15 kg 
DM/cow/day) plus maize silage offered at 1.5 kg DM /cow/day in the morning (a.m.) 
and 1.5 kg DM/cow/day in the afternoon (p.m.) (L+M); and 3. lucerne (15 kg 
DM/cow/day) plus grass silage offered at 1.5 kg DM/cow/day in the morning (a.m.) 
and 1.5 kg DM/cow/day in the afternoon (p.m.) (L+G). Bloat was controlled using 
Rumensin® capsules (1 capsule per animal applied 7 days before transition period) 
and by using bloat oil in water troughs 40 ml/15L (20-40ml per head). 
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Dietary treatments were randomly allocated to a total of 30 Friesian and Jersey x 
Friesian, multiparous (450 kg LWT) cows in mid-lactation, from the LURDF herd. 
Treatment allocation of those 30 cows was then based on milk-solids production, 
liveweight and age (Table A. 5.1). 
Table 3:1: Allocation of the three treatments of lucerne only (L), lucerne + maize 
silage (L+M) and fresh lucerne + grass silage (L+G) to 30 dairy cows in 
an incomplete randomised cross-over design. 
Treatment 
Adaptation 
phase 
Period 1 
(15 days) Wash out 
Period 2 
(15 days) 
Lucerne only (L) 7 days 10 cows 7 days 5 cows from L+M  +  
5 cows from L+G 
Lucerne + maize silage 
(L+M) 
7 days 10 cows 7 days 5 cows from L +  
5 cows from L+G 
Lucerne + grass silage 
(L+G) 
7 days 10 cows 7 days 5 cows from L +  
5 cows from L+M 
Period 1: A total of 10 cows were randomly allocated to each of the three treatments 
as described above (L, L+M and L+G) to constitute 30 dairy cows. The cows were 
allowed an adaptation phase of 7 days and the diets offered for 15 days.  
Period 2: The experiment was repeated for another 15 days after a 7 day washout 
period. Five cows were randomly selected from treatment L and allocated to 
treatments L+M and L+G. Similarly, a group of 5 cows each from treatments L+M 
and L+G were allocated to treatments L & L+G and L & L+M respectively (Table 
3.1). 
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Figure 3.1: Aerial view of Lincoln University Research Dairy Farm (LURDF) map 
showing experimental area of 4 lucerne paddocks (A2, A4, A5 and A7) 
and the allocation of lucerne to cows in the three dietary groups (L, L+M 
and L+G) per paddock. 
3.2.1 Maize and grass silage treatments  
Ten cows in treatment L+M were adapted to maize silage by being offered a starting 
allowance of 0.6 kg DM/cow/day on day 0 which was increased after every two 
consecutive days until the target allowance of 3.0 kg DM/cow/day was reached, i.e. 
from 0.6 to 1.2, 1.8, 2.4 and finally to 3.0 kg DM/cow/day. This was done to prevent 
incidences of acidosis. Grass silage was offered at the target allowance of 3.0 kg 
DM/cow/day from day 0. Daily wet weight for both silage treatments was determined 
by percentage dry matter (%DM) and the required kg DM using the formula:  
                                         
Where;  Kg   = kilograms 
Kg DM = kilograms of dry matter 
% DM  = percentage of DM in the silage (was determined daily)  
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Figure 3.2: The dairy cows being fed grass silage (black collar – treatment L+G) and 
maize silage (blue collar – treatment L+M) using feeding bins at the 
LURDF cow-shed.    
3.2.2 Grazing management 
Uniform management was applied to all cows in all the four paddocks. On the 
first 7 days, cows in allocated groups, were adapted to lucerne by increasing the 
allowance of lucerne (offered in morning) by 1 kg DM/cow/day (starting from 10 kg 
DM/cow/day) with access to water treated with Bloatenz® once daily, (50 ml per 500 
kg/liveweight) and Rumensin® Capsule, intra-ruminal bolus to prevent bloat. On day 
7, cows were allocated to their full allowance and fenced into daily breaks (including 
back-fencing) so that cows on all treatments were allocated a daily allowance  of 15 
kg DM/cow/day above a plot grazing mass of 1500 kg DM/ha in each paddock.  
Electric fencing was used within paddocks to allocate a fresh break-line of lucerne 
after each milking. After the afternoon milking, cows back-grazed lucerne that 
remained from the morning allocation. To optimise on grazing rotation, lucerne 
pasture was grazed as close as possible to its optimum growth stage in all paddocks, 
which was about 5 cm of re-growth from the crown in autumn (Basigalup & Ustarroz, 
2007). 
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3.2.3 Measurements 
Data collection commenced when the treatments were offered, and continued for a 
period of 30 days. Measurements were taken on:  
i. Dry matter content and quality of lucerne and silages. 
ii. Animal parameters included; DMI, grazing behaviour, milk production and 
composition, N content in urine and faeces, substitution rate and marginal 
milk response. 
3.2.3.1 Feed DM and quality 
3.2.3.1.1 Feed samples 
Approximately 300 grams of lucerne snip samples were harvested at ground 
level pre- and post-grazing daily  throughout the trial period from 7.30 – 8.00 a.m. 
(before morning grazing) and immediately transported to be sorted and to estimate the 
dry matter content and nutritive value. To determine DM content of the lucerne, 100 
grams of fresh pre- and post-grazing samples were weighed within 30 minutes after 
cutting, oven dried at 65ºC for 48 hours and reweighed to ascertain dry matter. A sub-
sample of approximately 100 grams from pre- and post-grazing herbage was sorted to 
leaf, stem, grass, clover, weed and dead material for analysis of plant morphology and 
to determine diet selection. Sorted samples were oven dried at 65°C for 48 hours and 
botanical composition on a DM basis determined. A second sub-sample of 
approximately 100 grams was taken from each of the lucerne samples then frozen at -
20°C. Approximately 200 grams of maize and grass silage samples were collected 
every second day, weighed and frozen at -20°C. The second lucerne sub-samples and 
silage samples were later freeze-dried and ground by a ZM
200
Retsch grinder 
(RETSCH, Germany) to 1 mm (Figure B. 5.1), for proximate analysis using wet 
chemistry procedures.   
3.2.3.1.2 Lab analysis of feed samples 
Analyses were performed at Lincoln University Analytical Services (Lincoln 
University, Christchurch, New Zealand). Samples were analysed in duplicate.  
NDF was determined according to Van Soest methods of fibre analysis (Van 
Soest, Robertson, & Lewis, 1991). Neutral detergent fibre (NDF) content of lucerne 
and grass silage was determined gravimetrically using the method of Van Soest et al 
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(1991), For maize silage, aNDF was determined by standard alpha-amylase-treated 
NDF (aNDF) method described by ANKOM (2010), using ANKOM
200/220
 Fiber 
Analyzer (ANKOM Technology, New York, USA). 
ADF was also determined gravimetrically, by extraction with 0.5 M sulphuric 
acid and cetyltrimethyl-ammonium bromide (CTBA) solution according to procedures 
described by AOAC (1990).  
Metabolisable Energy (ME) was determined from ADF using established 
regression equation as shown below: 
i. Lucerne  ME (MJME/kgDM)  = 13.90 - 0.0164 ADF   (Givens, 1989) 
ii. Maize silage   ME (MJME/kgDM)  = 13.38 - 0.0113 ADF  (Givens, 1990) 
iii.               ME (MJME/kgDM)   = 15.0 - 0.0140 ADF  (Givens, 
Everington, & Adamson, 1989) 
Crude protein was determined by combustion of sample under Oxygen supply 
and high temperatures using Variomax CN Analyser; Elementar. Ether extracts (EE) 
were measured by soxhlet extraction in hexane using a BUCHI Soxhlet Extraction 
Unit E-816HE. Residual dry matter (r-DM) was determined gravimetrically by drying 
1g of the sample in a fan forced oven at 100 +/- 5
0
C for 48 hours or to a constant 
weight. Ash was determined by subsequent combustion of 1g sample in a muffle 
furnace (Model LAB 3A KW 5000 W, Max T: 1000 
0
C), at 550
0
C for 4 hours (Figure 
B. 5.2). Water soluble carbohydrates (WSC) were then calculated using the formula; 
WSC % = 100% –    % + NDF% + EE% + Ash%  
3.2.3.2 Cow measurements and calculations 
3.2.3.2.1 Lucerne herbage intake 
Apparent DM intake was determined from herbage mass disappearance. 
Lucerne mass was assessed pre- and post-grazing using a sward height stick. Height 
was calibrated per lucerne treatment (L, L+M & L+G) to determine DM yield by 
sampling 30 quadrats each 0.1 m
2
 of pre-and-post grazing herbage to ground level 
throughout the measurement period. Daily apparent intakes were then estimated using 
the following equation: 
DMI (kg DM/cow/d) =   re  ost grazing residual) x Area grazed)   No. of animals 
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3.2.3.2.2 Diet selection  
The concentration of nutrient (Nsel; g/kg DM) selected by cows was calculated 
from previously described equation by Wales, Doyle, and Dellow (1998) as: 
Where: Mpre and Mpost are the mass of the pre- and post-grazed herbage (kg 
DM/ha), and Npre and Npost are the concentration of the nutrient (g/kg DM) in the pre- 
and post-grazed herbage. 
Where: Mpre and Mpost are the mass of the pre- and post-grazed herbage (kg 
DM/ha), and Npre and Npost are the concentration of the nutrient (g/kg DM) in the pre- 
and post-grazed herbage. 
The selection differential was calculated as: 
Selection differential  = Nsel/Npre 
3.2.3.2.3 Lucerne herbage utilisation 
Herbage utilization per hectare was defined as herbage intake per hectare 
expressed as a proportion of pre-grazing herbage mass as: 
%Utilization per Ha  =  ( re –  ost grazing residual)    re grazing mass    100 
Herbage utilization per cow was determined as follows: 
%Utilization per cow  =  Intake per cow   Herbage allowance (kg DM/cow/d)    100 
3.2.3.2.4 Grazing behavior 
Visual observation of 5 randomly selected cows from each of the three dietary 
treatments was done simultaneously from 08.24 a.m. to 12.24 p.m. Biting rate 
(bites/min) was recorded for the 4 hour grazing bout after forage allocation in the 
morning. Observers counted the number of bites of each cow during one continuous 
minute at 0, 30, 60, 120, 180 and 240 min after the start of the grazing period. The 
following activities were also recorded: grazing, walking, ruminating, lying, drinking 
water and idling/standing (Figure 3.3). 
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Figure 3.3: Grazing behaviour observation for the dairy cows grazing lucerne 
(offered at 15 kg DM/cow/day). Activities observed were bites per 
minute, and time (in minutes) spent grazing, walking, ruminating, lying, 
drinking water and idling/standing.  
3.2.3.2.5 Body condition score & Liveweight gain 
On two consecutive days at the beginning (day 1 and 2) and at the end (day 14 
and 15) of each period, the body condition of the cows was scored by trained 
independent observers using the ten-point body condition score (BCs) scale (1 = thin; 
10 = obese) (Wildman et al., 1982). Liveweight was recorded daily after the morning 
(a.m.) and afternoon (p.m.) milking using a walk-over automatic scale. 
3.2.3.2.6 Milk production and composition 
Milk yield was recorded daily using an automated system (DeLaval Alpro 
Herd Management System, DeLaval, Tumba, Sweden). Two milk subsamples were 
collected for every cow at a.m. and p.m. milking on day 0 (baseline), 5, 10 and 15 
days so as to determine milk composition and milk urea nitrogen concentration 
(Figure 3.4). 
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Figure 3.4: Milk subsamples being collected using milk flasks (with blue cover-lids) 
during a.m. and p.m. milking. Milk yield was also recorded (light green 
numerals) by the automated system (DeLaval Alpro Herd Management 
System, DeLaval, Tumba, Sweden) 
Sub-samples which were used to determine milk urea N were centrifuged at 
4,000 × g for 10 min at room temperature and refrigerated for 10 min to solidify fat 
on the top then removed. The skimmed milk was pipetted into a clean micro-
centrifuge tube, chilled and transported to the laboratory for immediate analysis. Milk 
urea nitrogen was analysed commercially (Gribbles Veterinary, Christchurch, New 
Zealand) on an automated Modular P analyser (Roche Hitachi, Basel, Switzerland) by 
an enzymatic assay as previously described (Talke & Schubert, 1965). Milk 
composition was analysed by Livestock Improvement Corporation Ltd laboratory 
(Christchurch, New Zealand) to determine milk fat, protein and lactose by 
Milkoscan
TM
 (Foss Electric, Denmark) (Figure 3.5). Milk N output was calculated by 
dividing the milk protein content (%) by 6.38 to give N (%). This was then multiplied 
by the milk yield (kg/d) to give the total N output in milk. 
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Figure 3.5: Milk samples (yellow = p.m. milking and pink = a.m. milking) packed for 
analysis of milk composition at Livestock Improvement Corporation Ltd 
laboratory (Christchurch, New Zealand) to determine milk fat, protein and 
lactose by Milkoscan
TM
 (Foss Electric, Denmark). 
3.2.3.2.7 Feed conversion efficiency 
Feed conversion efficiency was determined by;- 
i. F E = MS yield (kg/cow day)   DM intake (kg DM/cow/day)  for Milk solids 
ii. F E = Milk yield (kg/cow day)   DM intake (kg DM/cow/day)  for Milk production 
3.2.3.2.8 Nitrogen excretion in urine and  faeces 
Immediately after the morning and afternoon milking on day 0, 5 and 15, cows 
were herded into the veterinary yards for further sample collection. Urine samples 
were taken mid-stream after manual stimulation of the vulva. Samples were then 
acidified below a pH of 4.0 using concentrated sulphuric acid to prevent 
volatilization, and then frozen at -20°C until analysis. Faeces samples were collected 
by rectal stimulation or as the animal defecated and frozen at -20°C until analysis.  
Urine and faecal samples were analysed at Lincoln University Analytical 
Services (Lincoln University, Christchurch, New Zealand). Urine samples were 
analysed for % N, creatinine, urea concentration, purine derivatives and ammonia. 
Urinary ammonia concentration was analysed by Enzymatic UV Method using 
Randox Ammonia Kit and urea by Kinetic UV assay using Roche Urea/BUN Kit, 
both on Roche Cobas Mira plus CC Analyzer. Creatinine concentration of urine was 
determined by the Jaffé method described by  Bartels and Böhmer (1971), using 
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Cobas Mira Plus Analyzer (Roche Hitachi, Basel, Switzerland). Sub-samples of urine 
collected on day 15 were analysed for concentration of purine derivatives using HPLC 
(Agilent 1100 series, Agilent Technologies, Waldbronn, Germany) as previously 
described by Czauderna and Kowalczyk (2000), with modifications by George et al. 
(2006).   
Faecal samples were collected by rectal stimulation or as the animal defecated 
and frozen at -20°C until analysis. The samples were then thawed and subsampled, 
with one subsample being weighed and oven-dried at 65°C for 48 hours and 
reweighed to ascertain dry matter. The other sample was freeze dried, ground to 1 
mm, and analysed for faecal N% using N-analyser (Vario MAX CN, Elementar 
Analysensysteme, Hanau, Germany). 
3.2.3.2.9 Estimation of microbial N flow 
The equations used in calculating the estimated microbial N supply outlined below 
have been described previously . To estimate the microbial N supply based on the 
urinary excretion of purine derivatives (PD), the PD index was calculated based on 
total PD [allantoin (mmol/L) + uric acid (mmol/L)] as: 
 D index   total  D (mmol/L)   creatinine (mmol/L)      0.75 
The excretion of creatinine (mmol/kg of BW
0.75
) was extrapolated by using the 
estimated daily urinary volume (L) calculated from the equation by Pacheco, Lowe, 
Burke, and Cosgrove (2009). The estimated urinary creatinine excretion (0.9 mmol/kg 
of BW
0.75
) was included in the following equation to estimate the daily excretion of 
PD (mmol/kg of BW
0.75
): 
daily excretion of  D (d D  mmol/kg   0.75) =  D index   0.9 
From this, the amount of purines absorbed daily was estimated: 
daily absorbed purines (da ) =  d D (mmol/kg of   0.75)   0.385     0.75  + 0.85  
Microbial N (g of N/d) supply was determined using the following equation: 
microbial N (g of N/d)  = (da    70)/(0.116   0.83   1,000) 
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3.2.3.2.10 Substitution rate and milk response to supplementation 
Substitution rate was calculated as the reduction in kg lucerne DM per kg of 
supplement DMI:- 
= 
Mean of treatment group (kgDM/day)   Mean of control group (kgDM/day)
  g DM silage
 
Average milk response was then calculated from the extra milk solids produced by 
total silage intake supplement:-  
= 
Mean of treatment group (kgMS/day)   Mean of control group (kgMS/day)
  g DM silage
 
3.2.4 Statistical Analysis 
Data were captured and processed with Microsoft Excel 2010/13. Before 
creating different datasets for analysis, data were checked for anomalies such as 
duplicate records, incomplete records as well as creating specific animal performance 
and feed quality variables in separate Microsoft Excel spread-sheets. Statistical 
analysis was done using GenStat (Release 15 and 16, VSN International Ltd) 
statistical software. For both animal and feed variables, mean differences between 
treatment effects was declared significant at probability <0.05 and period × treatment 
interactions declared at P < 0.01. Data analysis was based on the mean of 10 cows in 
each treatment per each experimental period (1
st
 and 2
nd
 period). The three treatments 
included lucerne only (L), lucerne + maize silage (L+M) and lucerne + grass silage 
(L+G). Feed quality data were analysed on chemical composition, botanical 
composition and DM yield, while cow performance data were analysed on:- 
 DMI, MEI, N-intake, subR, utilisation and FCE 
 Milk yield, composition (MS, milk protein/fat, milk-N and MUN) and MMR.  
 Urine-N, NUE, urine urea, urine NH3, N% in faeces and urine 
 Purine derivatives (allantoin, uric acid) PD index and microbial and creatinine  
 Body condition score & live-weight 
 Grazing behaviour (height consumed, bites/min, time for grazing, ruminating, 
idling, lying, walking and drinking water). 
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The data which were collected at successive days in the 1
st
 and 2
nd
 period on 
milk yield, composition (MS, milk protein/fat, milk-N and MUN), MMR, urine-N, 
NUE, urine urea, urine NH3, creatinine, N% in faeces and urine, and live-weight were 
analysed by repeated measures ANOVA, where the treatment structure was the 3 
dietary treatments × the two periods with no blocking. The ANOVA was adjusted for 
covariate, in which day 0 was used as the covariate. The level of interaction was set at 
maximum possible. The ANOVA tables, means, F-probabilities (at P < 0.05 and 
0.01), level of interaction, standard errors of differences of means (SEM) and the least 
significance difference (LSD) at 5% were obtained. The LSD was used to separate 
within row treatment means.     
Data on DMI, MEI, N-intake, subR, utilisation, FCE, BCs, diet selection 
differentials, Purine derivatives (allantoin, uric acid) PD index, microbial-N, and 
grazing behaviour (height consumed, bites/min, time for grazing, ruminating, idling, 
lying, walking and drinking water) were analysed by general ANOVA using the two-
way ANOVA (no blocking) design in which factors were the 3 dietary treatments and 
the two periods. ANOVA tables, means, F-probabilities (at P < 0.05 and 0.01), level 
of interaction, standard errors of differences of means (SEM) and the least 
significance difference (LSD) at 5% were also obtained, and the LSD was used to 
separate within row treatment means.  
Feed quality data on chemical composition, botanical composition and DM 
yield were analysed by general ANOVA using the general treatment structure (no 
blocking) design in which the treatment structure for lucerne DM yield was the 3 
dietary treatments and the two periods, while for chemical composition and botanical 
composition the treatment structure was dietary treatments, periods and pre – and post 
grazing lucerne. ANOVA tables, means, F-probabilities (at P < 0.05 and 0.01), level 
of interaction, standard errors of differences of means (SEM) and the least 
significance difference (LSD) at 5% were obtained.  
Linear polynomial regression was done on the curve obtained for grazing 
height disappearance, with height (cm) as the response variate and time (seconds) as 
the explanatory variate. Quadratic polynomial model was used to obtain the F-
probabilities (P < 0.05), correlations, percentage variance and standard error of 
observations.  
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Chapter  4. 
RESULTS 
4.1 Feed characteristics 
4.1.1 Chemical composition 
The chemical composition of lucerne herbage during the 1
st
 and 2
nd
 period is shown in 
Table 4.1. In the 2
nd
 period, lucerne had a reduced stem regrowth compared to the 1
st
 period, 
which was indicated by a reduction in the overall DM and ADF content in the pre-graze 
lucerne by 43 and 53 g/kg DM respectively (P = 0.002). However, after the regrowth there 
was a significant increase in the concentration of N and CP (P = 0.001) in the 2
nd
 period 
compared to the 1
st
 period. The change in the amount of ME, ash, OM, WSC, Fat and DMD 
was not statistically significant (P > 0.01). The composition of pre-grazing lucerne across the 
three dietary treatment allocations did not differ (P > 0.05). A comparison of the chemical 
composition between pre- and post-grazing lucerne herbage shown in Table 4.2, indicated 
that pre-grazing sward had higher concentration of N, CP, WSC, ME, DMD and fat than the 
post-grazing lucerne (P < 0.01). The amount of ADF and NDF was higher in the post-grazing 
herbage than the pre-grazing sward (P < 0.001). This implied that lucerne parts (mainly leaf) 
with higher concentrations of N, CP, ME, WSC, fat and DMD were selected more by the 
grazing dairy cows compared to parts with higher NDF and ADF content (mainly the stem). 
The composition of post-grazing lucerne herbage did not differ with treatment which 
indicated the grazing uniformity across the three diets. The DM content was higher (P < 
0.001) in grass silage (494.1 ± 7.4 g/kg DM) than in pre-grazing lucerne and maize silage 
(154.2 and 332.1 ± 7.4 g/kg DM respectively). The pre-grazing lucerne (both stem and leaf) 
had higher contents of CP and N (P < 0.001), and lower OM, ether extracts and NDF (P < 
0.001), compared to maize and grass silage (Table 4.2). The amount of ME was also lower in 
the pre-grazing lucerne (8.9 ± 0.1 MJ ME/kg DM) compared to the silage supplements. And 
between the two supplements, grass silage had the highest content of ME compared to maize 
silage (11.1 vs. 10.2 ± 0.1 MJ ME/kg DM; P < 0.001). The concentration ADF in the pre-
graze lucerne, maize and grass-silage did not differ significantly (P > 0.05). 
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Table 4:1: Chemical composition (g/kg DM) and ME (MJ ME/kg DM) of the pre-graze lucerne plant (stem and leaf) during the 1
st
 and 2
nd
 
period of the autumn experiment.  
 
Component 
Period  
SEM 
 
LSD 
Main effects  Interaction effect 
1
st
  2
nd
  Period Treatment Period × treatment 
 Ash (g/kg DM) 104.4 103.8 ±3.5 12.2 NS NS  NS 
OM (g/kg DM) 895.6 896.2 ±3.5 12.2 NS NS  NS 
Fat (g/kg DM) 22.4 28.7 ±1.9 6.5 NS NS  NS 
DM (g/kg DM) 174.1 131.9 ±8.1 24.4 0.002 NS  NS 
ADF (g/kg DM) 324.9 287.6 ±9.6 29.6 0.002 NS  NS 
NDF (g/kg DM) 391.5 363.8 ±11.6 35.8 NS NS  NS 
N (g/kg DM) 34.8 40.3 ±0.8 3.8 0.001 NS  NS 
CP (g/kg DM) 217.3 251.7 ±5.5 17.1 0.001 NS  NS 
WSC (g/kg DM) 264.3 251.9 ±6.1 20.9 NS NS  NS 
DMD (g/kg DM) 650.3 645.6 ±12.7 44.2 NS NS  NS 
ME (MJ ME/kg DM) 8.6 9.2 ±0.2 0.7 NS NS  NS 
DM: Dry matter, OM: Organic matter, EE: Ether Extracts, ADF: Acid detergent fibre, NDF: Neutral detergent fibre, N: Nitrogen, CP: Crude protein,  
WSC: Water soluble carbohydrates, DMD: Dry Matter Digestibility, ME: Metabolisable energy. 
 
NS = not significant (P > 0.01), LSD = Least significant difference (at   5.0%), SEM = Standard errors of means. 
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Table 4:2: Comparison of the chemical composition (g/kg DM) and ME (MJ ME/kg DM) between pre- and post-grazing lucerne herbage grazed 
by dairy cows in period 1 and 2 of autumn. 
Component 
Pre/post-grazing lucerne  
SEM 
 
LSD 
Main effects  
Pre-grazing Post-grazing Pre/post-graze Treatment 
Ash (g/kg DM) 104.1 103.8 ±3.3 10.3 NS NS 
OM (g/kg DM) 895.9 896.2 ±3.3 10.3 NS NS 
Fat (g/kg DM) 25.5 15.8 ±1.4 4.5 <0.001 NS 
DM (g/kg DM) 154.2 199.8 ±6.6 19.3 <0.001 NS 
ADF (g/kg DM) 306.2 463.5 ±9.5 29.5 0.002 NS 
NDF (g/kg DM) 377.6 573.8 ±11.6 35.7 <0.001 NS 
N (g/kg DM) 37.5 22.5 ±0.8 2.7 <0.001 NS 
CP (g/kg DM) 234.5 140.9 ±5.5 17.1 <0.001 NS 
WSC (g/kg DM) 258.2 165.7 ±6.8 21.2 <0.001 NS 
DMD (g/kg DM) 647.9 508.8 ±7.1 21.8 <0.001 NS 
ME (MJ ME/kg DM) 8.9 6.3 ±0.2 0.5 <0.001 NS 
DM: Dry matter, OM: Organic matter, EE: Ether Extracts, ADF: Acid detergent fibre, NDF: Neutral detergent fibre, N: Nitrogen, CP: Crude protein,  
WSC: Water soluble carbohydrates, DMD: Dry Matter Digestibility and ME: Metabolisable energy. 
NS = not significant (P > 0.01), LSD = Least significant difference (at   5.0%). 
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Table 4:3: The chemical composition (g/kg DM) and (ME (MJ ME/kg DM) of pre-grazing lucerne, maize and grass silage offered to mid-
lactating dairy cows in autumn. Lucerne represents the weighted average of leaf and stem for period 1 and 2. 
 
Component 
Diets  
SEM 
 
LSD 
 
P-value Pre-grazing lucerne  Maize silage Grass silage 
Ash (g/kg DM) 104.1
a
 41.2
c
 80.5
b
 ±1.7 6.4 <0.001 
OM (g/kg DM) 895.9
c
 958.8
a
 919.5
b
 ±1.7 6.4 <0.001 
Fat (g/kg DM) 25.6
c
 27.0
b
 39.2
a
 ±1.5 5.9 <0.001 
DM (g/kg DM) 154.2
c
 332.1
b
 494.1
a
 ±7.4 32.2 <0.001 
ADF (g/kg DM) 306.3 280.7 277.9 ±8.8 33.9 NS 
NDF (g/kg DM) 377.6
b
 492.4
* a
 498.0
a
 ±10.2 39.5 <0.001 
N (g/kg DM) 37.5
a
 12.5
c
 22.2
b
 ±1.0 3.9 <0.001 
CP (g/kg DM) 234.5
a
 77.9
c
 138.5
b
 ±6.4 24.6 <0.001 
WSC(g/kg DM)   258.2
b
 361.4
a
 243.8
c
 ±8.2 31.5 <0.001 
DMD (g/kg DM) 647.9
b
 598.8
c
 753.7
a
 ±6.8 26.3 <0.001 
ME (MJ ME/kg DM) 8.9
c
 10.2
b
 11.1
a
 ±0.1 0.5 <0.001 
DM: Dry matter, OM: Organic matter, EE: Ether Extracts, ADF: Acid detergent fibre, NDF: Neutral detergent fibre, N: Nitrogen, CP: Crude protein,  
WSC: Water soluble carbohydrates, DMD: Dry Matter Digestibility, ME: Metabolisable energy, *
 
=aNDF,  
NS = not significant (P > 0.05) 
P-value = significance level for comparison of means (α < 0.05) 
a,b,c
 means within a row with different superscripts differ (P < 0.05). 
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4.1.2 Plant morphology and DM yield 
4.1.2.1 Lucerne botanical characteristics 
The sward comprised almost entirely of lucerne (88%) with the remainder (12%) 
comprising of clover (1.8%), grass (0.4%), weeds (1.8%) and dead matter (8%). Botanical 
composition on DM-basis of pre- and post-grazing lucerne sward during period 1 and 2 is 
presented in Table 4.4.  Pre-graze lucerne had an almost equal DM content of leaf (47.13%) 
and stem (40.62%), resulting to a leaf:stem ratio of 1.13. After grazing, the post-grazing 
lucerne had a higher content of stem DM (68.03%) than leaf DM (11.78%), which resulted to 
a lower leaf:stem ratio of 0.18. This also implied that cows consumed more lucerne leaf 
compared to stem. The content of dead material was high (P < 0.001) in the post-grazing 
lucerne due to the high amount of stem that was left behind after grazing. The increased 
content of dead material in the 2
nd
 period was attributed to the greater amount of stem left in 
the post-grazing residual of the 1
st
 period when stem heights were high. And since topping-up 
of the lucerne pasture was not done after grazing in the 1
st
 period, this could have also 
contributed to the increased dead material in the pre-graze lucerne of the 2
nd
 period.  The 
slow growth of lucerne in the 2
nd
 period compared to the 1
st
 period reduced the content of 
stem DM from 58.16% to 48.73% (P < 0.001). Consequently, the pre-grazing ratio of 
leaf:stem increased from 0.99 to 1.30 (P = 0.003) in the 2
nd
 period. However, the slow 
regrowth did not reduce the content of leaf DM (P > 0.05). The amount of clover, grass and 
weed did not differ (P > 0.01) between the pre- and post-graze sward and between the two 
periods. Similarly, the botanical composition of the lucerne herbage (pre- and post-grazing) 
did not differ (P > 0.05) across the three treatment allocations in the paddocks from where the 
snip samples were obtained. 
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Table 4:4: Percentage botanical composition and leaf-stem ratio on DM-basis of pre- and post - grazing lucerne sward offered at an allowance 
of 15 kg DM cow
-1
day
-1
 to mid-lactation dairy cows in the 1
st
 and 2
nd
 period of autumn. 
 
Variable 
Pre/post – grazing lucerne  Period   
SEM 
 
LSD 
Main effects  
Pre-graze Post-graze 1
st
 period 2
nd
 period Pre/post-graze Period Treatment 
Stem fraction (%) 40.62 68.03  58.16 48.73 ± 1.81 5.26 <0.001 <0.001 NS 
Leaf fraction (%) 47.13 11.78  29.60 31.07 ± 1.19 3.48 <0.001 NS NS 
Dead material (%) 8.19 17.74  8.26 17.65 ± 1.32 3.85 <0.001 <0.001 NS 
Clover (%) 2.07 1.56  2.21 1.41 ± 0.53 1.54 NS NS NS 
Grass (%) 0.39 0.27  0.37 0.30 ± 0.17 0.51 NS NS NS 
Weed (%) 1.61 0.63  1.41 0.85 ± 0.37 1.08 NS NS NS 
Leaf-stem ratio 1.13 0.18  0.99 1.30 ± 0.04 0.14 < 0.001 0.003 NS 
NS = not significant (P > 0.01)
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4.1.2.2 Dry matter (DM) yield 
Lucerne had an average DM yield of 3,107.3 ± 104.6 kg DM ha-1 in autumn (Table 
4.5). The DM yield was assessed pre- and post-graze, and calibration equation was used to 
estimate the pre-grazing mass. The regression equation obtained for the pre-grazing lucerne 
in autumn was described as shown below (Figure 4.1)  
y = 57.047x + 81.734   2 = 0.78 (P < 0.001) 
Where; y = estimated pre-grazing mass (kg DM/ha), x = sward height (cm),  
R2
 
= regression coefficient (78%). The standard error of observation was ± 42. 
Table 4.5 indicates that low heights and DM yield were obtained in the 2
nd
 period 
compared to the 1
st
 period (31.4 vs. 58.9 ± 1.8 cm and 2,598.5 vs. 3,446.5 ± 104.6 kg DM/ha; 
P < 0.001).  This reduction was attributed to the slow regrowth of lucerne during the 2
nd
 
period. The estimated grazed mass per hectare was higher (P < 0.001) in the 1st period when 
the pre-grazing lucerne had a higher mass compared to the 2
nd
 period when lucerne herbage 
mass was low. DM yield of lucerne did not differ between treatments (P > 0.05), and the 
allocation of treatments in the paddocks had no effect (P > 0.05) on the regrowth of lucerne 
in the second period. 
 
Figure 4.1: Regression equation that was used to estimate pre-grazing mass (kg DM/ha) of 
lucerne in autumn. The equation was obtained from calibration of pre-grazing 
sward heights (●) by sampling 30 quadrats each 0.1 m2 of pre-grazing herbage to 
ground level.  
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Table 4:5: Average pre- and post - graze heights (cm), DM yield (kg DM/ha) and grazed  (kg DM/ha) for lucerne pasture that was offered to 
mid-lactation dairy cows during the 1
st
 and 2
nd
 period of the experiment conducted in autumn. 
 
Variable
1
 
Period  
Mean 
 
SEM 
 
LSD 
Main effects  Interaction 
1
st
 period 2
nd
 period Period Treatment T×P 
Pre-grazing height (cm) 58.9 31.4 47.9 ±1.8 4.8 <0.001 NS  NS 
Post-grazing height (cm) 25.6 15.9 21.7 ±0.8 2.6 <0.001 NS  NS 
Pre-grazing mass (kg DM/ha) 3,446.5 2,598.5 3,107.3 ±104.6 273.2 <0.001 NS  NS 
Post-grazing mass (kg DM/ha) 1,785.2 1,582.5 1,704.1 ±51.0 133.2 0.004 NS  NS 
Grazed mass (kg DM/ha) 1,661.3 1,016.1 1,403.2 ±94.5 246.8 <0.001 NS  NS 
1
variable – includes accumulated daily measurements of three diet treatments (lucerne only, lucerne + maize silage and lucerne + grass silage) 
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4.2 Animal performance 
4.2.1 Dry Matter (DM) intake and nutrient selection 
The measurements on DMI (kg DM/cow/day), MEI (MJ ME/kg DM/cow/day), 
percentage utilisation and SubR (kg DMI of lucerne/kg DMI silage are presented in Table 
4.6. Estimated average DMIs for lucerne per cow were slightly higher (P = 0.043) for cows in 
the control group offered lucerne only (14.14 ± 0.57 kg DM/cow/day) compared to those 
supplemented with maize and grass silage (12.77 and 12.91 ± 0.574 DM/cow/day 
respectively. The intake of silage increased the total DMI for the supplemented cows 
compared the lucerne only cows (P = 0.021). The total DMI for cows offered maize and grass 
silage averaged at 15.49 and 15.58 ± 0.41 kg DM/cow/day. Although cows offered maize 
silage had a higher intake of the supplement than the grass silage fed cows (2.82 vs. 2.67 ± 
0.02 kg DM/cow/day; P < 0.001), the total DMI did not differ between the supplemented 
cows. The ME intake was in the range of 124.12, 112.77 and 114.08 ± 3.52 MJ ME/kg 
DM/cow/day for cows offered lucerne only, lucerne + maize silage and lucerne + grass silage 
respectively and did not differ across the diets (P > 0.05). However, the total MEI from 
lucerne and supplements was significantly higher (P < 0.001) for cows receiving maize and 
grass silage (140.52 and 144.83 ± 3.51 MJ ME/kg DM/cow/day respectively) compared to 
the lucerne only cows (124.13 ± 3.52 MJ ME/kg DM/cow/day). And despite the higher MEI 
intake from grass silage (P < 0.001), the total MEI did not differ in the supplemented cows. 
The period effect was significant (P < 0.001) on MEI from lucerne and the subsequent total 
MEI, in which cows had higher intakes in the 2
nd
 period across the three diets. As shown in 
Table 4.6, the selected lucerne ME did not differ across the diets (P > 0.05); however, more 
ME was selected in the 2
nd
 period compared to the 1
st
 period (P < 0.001). The total MEI from 
the selected lucerne and silage supplements was significantly high (P < 0.001) for the 
supplemented cows compared to the lucerne only cows, with intakes being in the range of 
171.29, 186.61 and 194.68 ± 3.96 MJ ME/kg DM/cow/day for cows receiving lucerne only, 
lucerne + maize silage and lucerne + grass silage respectively.  The reduction in lucerne 
intake by up to1.36 kg DM/cow/day resulted in subR of 0.44 ± 0.04 kg DMI of lucerne/kg 
DMI silage, but which did not differ between cows offered either maize or grass silage. 
However, in the 1
st
 period, subR was significantly higher (P < 0.001) compared to the 2
nd
 
period. The average utilisation of lucerne per hectare was generally low, ranging from 41.5% 
to 47.2% ± 1.9%, compared to the high utilisation per cow which ranged from 85.2% to 
Chapter 4  
67 
 
94.3% ± 3.8%. The dietary treatments had no effect on both utilisations. Period effect was 
significant on the utilisation per hectare (P < 0.001), whereby the utilisation was lower in the 
2
nd
 period compared to the 1
st
 period. 
Table 4.7 provides a summary on the concentration of nutrient in lucerne that was 
offered, and the estimated selection differentials and nutrient intake of dairy cows grazing the 
lucerne. Nutrient selection did not differ across the three diets (P > 0.05), however, there was 
a significant period effect (P < 0.01) on the selection of CP, N, ME, fat, WSC, DMD, ADF 
and NDF. Cows selected lucerne with higher concentration of CP, N, ME, fat, WSC and 
DMD in the 2
nd
 period, while NDF and ADF were consumed more in the 1
st
 period. This 
effect of period on selection of lucerne nutrients was attributed to the reduction in stem 
growth in the 2
nd
 period consequently, reducing the concentration of ADF and NDF. On 
average, cows in all the three diet groups consumed lucerne with 1.55 ± 0.19 times more 
crude protein (CP) and nitrogen (N) than the herbage on offer. Selection differentials were 
also high for fat (1.52 ± 0.18), water soluble carbohydrates (1.49 ± 0.17) and ME (1.28 ± 
0.10). In contrast to CP and N, cows consumed herbage with less ADF and NDF than that in 
the offered herbage, and which was implicated to the selection of more leaf than stem. The 
selection differentials for ADF and NDF were 0.30 ± 0.24 and 0.29 ± 0.25 respectively. The 
amount of ash and organic matter consumed was almost equal to that in offered lucerne. 
Apparent dry matter digestibility for the dairy cows was 1.29 ± 0.10 times more than the 
estimated in vitro DM digestibility.  
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Table 4:6: The measurements on DMI (kg DM/cow/day), MEI (MJ ME/kg DM/cow/day), percentage utilisation and SubR (kg DMI of 
lucerne/kg DMI silage for mid-lactation dairy cows grazing lucerne in autumn supplemented with either maize or grass silage. 
Measurement 
1
st
 Period 2
nd
 Period Average  
SEM 
 
LSD 
Main effects 
L L+M L+G L L+M L+G L L+M L+G Trt Period 
Lucerne DMI (kg DM/cow/d) 13.96 12.32 12.27 14.40 13.45 13.87 14.14
a
 12.77
b
 12.91
b
 ±0.57 1.16 0.043 NS 
Supplement DMI (kg DM/cow/d) - 2.72 2.77 - 2.90 2.77 - 2.72 2.67 ±0.02 0.06 <0.001 NS 
Total DMI (kg DM/cow/d) 13.96 15.04 15.04 14.40 16.35 16.64 14.14
b
 15.49
a
 15.58
a
 ±0.41 1.16 0.021 NS 
Lucerne MEI (MJ ME/kg DM) 119.72 105.61 105.21 130.74 123.51 127.41 124.12 112.77 114.08 ±3.52 10.06 NS <0.001 
Supplement MEI (MJ ME/kg DM) - 27.76 30.74 - 34.65 23.85 - 27.76 30.75 ±0.67 1.27 <0.001 NS 
Total MEI (MJ ME/kg DM) 119.72 133.37 135.95 130.74 158.16 151.26 124.12
b
 140.53
a
 144.83
a
 ±3.52 10.06 <0.001 <0.001 
Selected lucerne MEI (MJ ME/kg DM) 162.13 151.48 151.42 185.04 163.02 182.72 171.29 158.85 163.93 ±3.96 11.34 NS <0.001 
Total selected MEI (MJ ME/kg DM) 162.13 179.23 182.16 185.04 197.67 206.57 171.29
b
 186.61
a
 194.68
a
 ±3.96 11.34 <0.001 <0.001 
Utilisation per Hectare (%) 52.5 45.0 44.6 39.2 40.8 36.9 47.2 43.3 41.5 ±1.9 5.4 NS <0.001 
Utilisation per cow (%) 93.1 82.2 81.8 96.0 89.7 92.5 94.3
a
 85.2
b
 86.1
b
 ±3.8 4.9 0.043 0.033 
SubR (kg DMI of lucerne/kg DMI silage) - 0.61 0.61 - 0.33 0.21 - 0.41 0.47 ±0.04 0.11 NS <0.001 
L =  lucerne only, L+M = lucerne + maize silage,  L+G = lucerne + grass silage, Trt = treatment, SEM = Standard errors of treatment means,  
LSD = Least significant difference (at   5.0%) 
a,b
means within a row with different superscripts differ (P < 0.05). 
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Table 4:7: Nutrient concentration of lucerne herbage offered, estimated selection differentials and nutrient intake of grazing dairy cows. 
Component/nutrient 
Total nutrient selected
1 
(g/kg DM) 
Selection 
differential
2
 
Nutrient intake
 
(g/day)
3
 
Nutrient selected per period 
SEM 
Main effects  
Period I Period II  Trt Period T×P 
Nitrogen   58.02 ± 2.36 1.55 ± 0.19         765.11 ± 10.21 55.82 61.33 ±1.97 NS ** NS 
Crude protein 362.57 ± 14.72 1.55 ± 0.19       4780.92 ± 63.75 348.81 383.19 ±12.27 NS ** NS 
Fat     39.01 ± 1.54 1.52 ± 0.18         514.48 ± 6.79 37.57 41.17 ±1.28 NS ** NS 
WSC  384.76 ± 14.55 1.49 ± 0.17       5076.05 ± 65.91 371.17 405.15 ±12.13 NS ** NS 
ME (MJ ME/kg DM)    12.46 ±  0.31 1.28 ± 0.10       1646.91 ± 19.66 12.16 12.90 ±0.26 NS ** NS 
In vitro DMD    84.46 ± 21.90 1.29 ± 0.10 NA
4
 843.01 888.17 ±18.25 NS ** NS 
Ash  104.51 ±  0.01 1.00 ± 0.00     13877.69 ± 17.77 104.47 104.58 ±0.01 NS NS NS 
Organic matter  895.49 ±  0.05 1.00 ± 0.00     11891.30 ± 152.93 895.53 895.42 ±0.04 NS NS NS 
ADF   91. 21 ± 24. 73 0.30 ± 0.24       1267.64 ± 99.06 114.31 56.56 ±20.61 NS ** NS 
NDF  109.15 ± 30.86 0.29 ± 0.25       1519.85 ± 123.21 137.98 65.90 ±25.72 NS ** NS 
Significance level: NS = P > 0.05; * = P < 0.01; ** = P < 0.01; *** = P < 0.001 
Trt = treatment effect, T×P = treatment × period interaction effect 
1
Nutrient selected by cow determined as [(mass of pre-graze herbage × concentration of the nutrient in pre-graze herbage) – (mass of post-graze herbage × concentration of 
the nutrient in post-graze herbage)] ÷ (mass of pre-graze herbage – mass of post-graze herbage) × 10 
2
Selection differential
 
= Nutrient selected ÷ concentration of the nutrient in pre-graze herbage 
3
Values are mean ± SEM 
4
NA means not applicable 
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4.2.2 Milk yield and composition 
The average measurements on milk yield and composition, MMR, FCE, LWT and 
body condition of the dairy cows during the 1
st
 and 2
nd
 period are presented in Table 4.8 and 
4.9. Effect of the dietary treatments on daily milk yield, milk-solids, milk fat and protein was 
non- significant (P > 0.05) except for MUN which was higher in dairy cows offered lucerne 
only (15.85 ± 0.37 mmol/L; P = 0.044) compared to cows supplemented with either grass or 
maize silage (15.30 and 14.94 ± 0.37 mmol/L respectively). The interaction between period 
and treatment was significant (P < 0.01) on  milk yield, milk-solids, milk fat and milk protein 
in which higher yields were obtained in the 1
st
 period compared to the 2
nd
 period. Time also 
had a significant effect (P ≤ 0.001) on milk yield, milk-solids, milk-fat and milk-protein in 
that, there was general initial decline in production of milk-solids, milk-fat and milk-protein 
from day 5 to 10 after diets were offered; and from day 10 to 15, the yield increased (Figure 
4.2). Although milk yield did not show any logical trend, the average yields at day 15 were 
higher than at day 0 for the three diets. There was a significant interaction between time and 
treatment (P ≤ 0.002) for milk yield and milk-protein in that towards the end of the trial, 
milk-protein and milk yield were on a decline for cows offered lucerne only compared to the 
supplemented cows. The interaction between time and period was significant (P < 0.001) for 
milk yield, milk-solids, milk-fat and MUN, whereby, the increases in milk yield with time 
were greater in the 1
st
 period than in the 2
nd
 period; whereas, milk-solids, milk-fat and MUN 
gradually increased in the 1
st
 period and decreased in the 2
nd
 period for day 1 to 15. Covariate 
effect was significant (P < 0.001) on milk yield, MUN and LWT i.e., the initial status of 
cows at the beginning of the experiment, whereby cows which had high initial milk 
production, MUN and LWT at the onset of the trial ended-up having higher average values 
compared to cows that started at low level of milk yield, MUN and LWT. The average 
marginal milk-solids response was 0.02 ± 0.01 kg MS per kg DM silage intake, which did not 
differ with the type of silage (P > 0.05).  
4.2.1 Feed conversion efficiency, Body condition and Liveweight 
Summary on the calculated FCE (kg MS per kg DMI lucerne/cow/day for the dairy 
cows is shown in Table 4.8 and 4.9. Statistical analysis showed no significance difference in 
the efficiency of converting feed to milk-solids (P > 0.05) between  cows offered lucerne 
only, lucerne + maize silage and lucerne + grass silage. However, there was a significant 
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period effect (P < 0.001) on the efficiency. Cows had higher FCE in the 1
st
 period compared 
to 2
nd
 period (0.11 vs. 0.08 ± 0.01 kg MS per kg DMI lucerne/cow/day). The effect of the 
dietary treatments on liveweight gain and body condition was positive but non-significant (P 
> 0.05). Over the two experiment periods (total of 30 days), cows gained body condition 
from 4.03 to 4.18, and liveweight from 476.88 to 480.20 kg. There was no significant 
interaction (P > 0.01) between the dietary treatment and period on liveweight and body 
condition. 
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Table 4:8: Milk yield and composition, marginal milk-solids response (kg MS/DMI silage), feed conversion efficiency (kg MS/kg DMI), LWT 
(kg) and body condition during period 1 and 2 for mid-lactation Friesian-Jersey dairy cows grazing lucerne in autumn and 
supplemented with grass or maize silage. 
Parameter 
1
st
 Period 2
nd
 Period Average  
SEM 
 
LSD 
Main effects 
     
Interaction 
L L+M L+G L L+M L+G Period 1 Period 2 Trt Period P×Trt 
Milk yield (kg/day) 15.74 14.85 15.72 13.71 14.24 14.58 15.44 14.18 ±0.26 0.73 NS 0.001  NS 
Milk-solids (kg/day) 1.56 1.59 1.58 1.28 1.28 1.32 1.58 1.28 ±0.03 0.04 NS <0.001  NS 
Milk fat (kg/day) 0.90 0.91 0.92 0.70 0.70 0.73 0.91 0.71 ±0.02 0.06 NS <0.001  NS 
Milk protein (kg/day) 0.66 0.68 0.66 0.58 0.58 0.59 0.67 0.57 ±0.01 0.02 NS <0.001  NS 
MUN (mmol/L) 16.33 15.08 15.42 15.38 14.79 14.79 15.61 15.12 ±0.39 0.77 0.044 NS  NS 
MMR(kgMS/DMI silage) - 0.02 0.01 - 0.01 0.03 0.01 0.02 ±0.01 0.05 NS NS  NS 
FCE (kg MS/kg DMI) 0.12 0.10 0.10 0.09 0.08 0.08 0.11 0.08 ±0.01 0.01 NS <0.001  NS 
LWT (kg) 478.60 477.50 478.90 483.60 482.30 480.20 478.30 482.00 ±2.49 7.06 NS NS  NS 
Body condition  3.98 4.00 4.13 4.10 4.25 4.20 4.03 4.18 ±0.15 0.21 NS NS  NS 
L = lucerne only, L+M = lucerne + maize silage, L+G = lucerne + grass silage, Trt = treatment, P×Trt = period × treatment interaction.  
SEM = Standard errors of treatment means 
LSD = Least significant difference (at   5.0%) 
P-value for comparison of treatment means (α <0.05) 
a,b,
means within a row with different superscripts differ (P < 0.05). 
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Table 4:9: The average milk yield and composition, marginal milk-solids response (kg MS/DMI silage), feed conversion efficiency (kg MS/kg 
DMI), LWT (kg) and body condition in the 1
st
 and 2
nd
 period for mid-lactation Friesian-Jersey dairy cows grazing lucerne in autumn 
and supplemented with grass or maize silage 
Parameter 
Average performance per diet 
SEM LSD 
Main effects 
 
Interaction effects 
L L+M L+G Trt Time Covariate T×Trt T×P T×Trt×P 
Milk yield (kg/day) 14.72 14.54 15.15 ±0.31 0.88 NS <0.001 <0.001  <0.001 <0.001 NS 
Milk-solids (kg/day) 1.41 1.43 1.45 ±0.04 0.10 NS <0.001 NS  NS <0.001 NS 
Milk fat (kg/day) 0.79 0.80 0.83 ±0.02 0.07 NS 0.001 NS  NS <0.001 NS 
Milk protein (kg/day) 0.62 0.63 0.62 ± 0.02 0.05 NS <0.001 NS  0.002 NS NS 
MUN (mmol/L) 15.85
a
 14.94
b
 15.30
a
 ±0.37 0.74 0.044 NS <0.001  NS <0.001 NS 
MMR(kg MS/DMI silage)  - 0.01 0.02 ±0.01 0.05 NS - -  - - - 
FCE (kg MS/kg DMI) 0.10 0.09 0.09 ±0.01 0.01 NS - -  - - - 
LWT (kg) 481.10 479.90 479.60 ±3.04 8.62 NS NS <0.001  NS NS NS 
Body condition  4.04 4.13 4.16 ±0.09 0.26 NS NS NS  NS NS NS 
Trt = treatment, T×Trt = time × treatment interaction, T×P = time × period interaction, T×Trt×P = time × treatment × period interaction 
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Figure 4.2: The trend of milk solids production from day 5 to 17 of the autumn experiment 
for dairy cows grazing lucerne and supplemented with either grass silage or maize 
silage. The effect of time was significant at P < 0.001. 
4.2.2 Grazing behavior 
Summarized grazing behaviour data are presented in Figure 4.3, Table 4.10 and 4.11. 
Figure 4.3, illustrates the treatment effect on pasture disappearance. The height of lucerne 
gradually decreased with each bite taken after every 15 minutes of measurement. And within 
the first grazing session of 4 hours after being offered a new allocation (08:24 a.m. to 12:24 
p.m.), cows in the control group (lucerne only) had consumed 24 cm or 51% of their total 
DMI, which was higher (P < 0.001) compared to that of cows receiving maize silage (24 cm 
or 49%) and grass silage (19 cm or 39%). The standard error of the height measurements was 
± 5.64 and the percentage variance accounted for was 73.6%. Generally, from the 
summarized grazing behaviour parameters in Table 4.11, a significant effect (P < 0.05), was 
observed of treatment on the measured grazing parameters i.e., number of bites per minute, 
time spent grazing, idling, lying, walking, drinking water and pasture consumed with the 
exception of time spent ruminating. During the 2
nd
 period when the growth of lucerne was 
reduced, cows had higher number of bites per minute (P < 0.001), and spent more time 
grazing (P < 0.001) and foraging (P = 0.005; Table 4.10) compared to the 1
st
 period when 
lucerne heights were higher. The effect of period on pasture consumed and time spent idling, 
ruminating, lying and drinking water was non-significant (P > 0.01). 
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Figure 4.3: The trend of lucerne pasture height disappearance for mid-lactation cows fed 
lucerne only (●), lucerne + maize silage (●) and lucerne + grass silage (○) in 
autumn. Standard error of observations = ± 5.64 and the variance accounted for in 
taking the heights = 73.6%.  
Table 4:10: Summary of grazing behaviour parameters within the first morning grazing 
session of four hours for dairy cows fed lucerne during the 1
st
 and 2
nd
   period of 
the autumn experiment.  
Measurement 
Period   
SEM LSD P-value 1
st
 Period 2
nd
 Period  
No. of bites/min 30 41 ±2 4 <0.001 
Height consumed (cm) 45 28 ±7 20 NS 
Grazing time (minutes) 165 182 ±5 15 <0.001 
Idling (minutes) 18 9 ±6 17 NS 
Ruminating (minutes) 12 10 ±1 2 NS 
Lying (minutes) 14 8 ±2 7 NS 
Walking/foraging (minutes) 14 24 ±3 10 0.005 
Drinking water (minutes) 12 7 ±2 6 NS 
NS = not significant (P > 0.01) 
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Table 4:11: Summary of grazing behaviour parameters within the first morning grazing session of four hours measured on herbage consumed, 
number of bites/minute, time spent (in minutes) on grazing, idling, ruminating, walking and drinking water for mid-lactation cows 
offered lucerne in autumn and receiving grass or maize silage. 
 
Measurement 
Diet  
SEM 
 
LSD 
 
P-value Lucerne only Lucerne + maize silage Lucerne + grass silage 
Herbage consumed (%) 51%
a
 49%
a
 39%
b
 ±1 2.1 <0.001 
No. of bites/minute 39
a
 34
b
 39
a
 ±2 4.1   0.013 
Grazing time (minutes) 120
a
 113
b
 114
b
 ±1 0.6 <0.001 
Idling (minutes) 7
b
 9
a
 11
a
 ±2 3.6   0.004 
Ruminating (minutes) 7 8 7 ±1 1.4 NS 
Lying (minutes) 0
b
 22
a
 0
b
 ±1 1.7 <0.001 
Walking (minutes) 15
a
 10
b
 13
a
 ±1 2.2   0.019 
Drinking water (minutes) 7
a
 7
a
 5
b
 ±1 1.6   0.023 
a,b,
means within a row with different superscripts differ (P < 0.05). 
NS = not significant (P > 0.05) 
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4.2.3 Nitrogen concentration in urine and faeces 
Summary on nitrogen intake and output is presented in Tables 4.12 and 4.13. The 
amount of pre-grazing lucerne herbage N intake differed (P = 0.043) across the dietary 
treatments from 479.43 to 530.77 ± 15.25 g N/cow/day. The intake supplement N also 
differed between cows offered maize and grass silage (48.346 and 52.96 ± 1.16 g N/cow/day; 
P = 0.030), and which increased the total N intake for the supplemented cows. However, the 
total N intake did not differ between the three diets (P > 0.05). The estimated selection 
differentials showed higher consumptions of N (mainly from leaf) than that in the whole 
herbage on offer (stem + leaf). Consequently, higher selected lucerne N intakes were 
estimated, with cows receiving lucerne only having higher intakes (820.52 ± 23.58 g 
N/cow/d; P = 0.043) compared to cows fed lucerne + maize and silage and lucerne + grass 
silage (741.14 and 749.32 ± 23.58 g N/cow/d).  Supplementary N intake also increased the 
total selected N intake for supplemented cows, but this did not significantly differ from that 
of lucerne only cows. The period effect and the interaction between period and treatment 
were significant (P > 0.05) on the supplement N intake, whereby, cows had higher N intakes 
in the 2
nd
 period. Generally, the effect of dietary treatments on most of the measured nitrogen 
parameters pertaining to N excretion in milk, urine and faeces was non-significant (P > 0.05), 
except for urinary and faecal N output. The diets had no effect on the concentration of urea in 
milk and urine, the urinary concentrations of creatinine, purine derivatives (PD) i.e. allantoin 
and uric acid, calculated PD index and the total microbial N supply (P > 0.05). The calculated 
nitrogen use efficiency (NUE) and milk N content did not differ across the three dietary 
treatments (P > 0.05). As indicated in Table 4.12, the estimated nitrogen excretion through 
urine (N g/day) and faeces (%N) varied across the three dietary treatments, with cows offered 
lucerne only having greater urinary-N excretion (434.62 ± 18.99 g/day; P = 0.010) compared 
to those supplemented with maize and grass silage (365.28 and 352.52 ± 18.99 g/day 
respectively; Figure 4.4). The type of silage had no effect on urinary-N output. The calculated 
% reduction in urinary N excretion for the supplemented cows compared to the control group 
was 19% and 16% for cows offered grass silage and maize silage respectively. The faecal N 
output was lower in cows grazing lucerne only (P = 0.002) compared to those receiving 
supplement. Cows consuming grass silage excreted higher faecal N content of 2.98 ± 0.07% 
N (DM) than cows fed maize silage (2.83 ± 0.07%N (DM); Figure 4.5). The increase in 
faecal N output in the supplemented cows in comparison to control group averaged at 8.71% 
and 4.03% for cows fed grass and maize silage respectively. There was a significant period 
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effect (P < 0.01) on the content of purine derivatives i.e. allantoin, and uric acid, total purine 
derivatives (PD), total microbial N and PD index. Cows had higher values for PD derivatives, 
microbial N supply and PD index in the 1
st
 period compared to those in the 2
nd
 period. 
Covariate effect was significant (P ≤ 0.002) on milk-N, NUE, urine and milk urea. Time had 
a significant effect (P ≤ 0.009) on the concentration on milk-N, milk urea, urine NH3, urine 
%N and the NUE, in that the concentration of urine NH3, milk-N, urine %N and NUE 
increased from day 1 to day 15, while milk urea declined gradually. Interaction between time 
and period was significant (P ≤ 0.010) for milk-N, milk urea, urine urea and NUE, whereby 
milk-N and NUE gradually increased from day 5 to 15 in the 1
st
 period and declined in the 2
nd
 
period, whereas, milk urea decreased in the 1
st
 period and increased with time in period 2. 
The increase in the concentration of urine urea was higher in period 1 than 2. The interaction 
between time, period and treatment was significant (P < 0.001) on milk urea. 
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Table 4:12: Nitrogen intake (g N/cow/day) and nitrogen parameters pertaining to N excretion in milk, urine and faeces of cows grazing 15 kg 
DM/cow/d of lucerne and supplemented with 3 kg DM/cow/d of grass silage or maize silage in autumn. 
Measurement Feed  
SEM 
 
LSD 
Main effects  Interaction 
L L+M L+G Treatment Period Trt ×Period 
Lucerne herbage N intake (g/cow/d)
1
 530.78
a
 479.43
b
 484.72
b
 ±15.25 43.63 0.043 NS  NS 
Supplement N intake (g/cow/d) - 48.35 52.96 ±1.16 4.14 0.030 <0.001  <0.001 
Total N intake (g/cow/d)
2
 530.78 527.78 537.68 ±15.25 43.63 NS NS  NS 
Selected lucerne N intake (g/cow/d)
3
 820.52
a
 741.14
b
 749.32
b
 ±21.51 67.45 0.043 NS  NS 
Total selected N intake (g/cow/d)4 820.52 789.49 802.28 ±23.58 67.45 NS NS  NS 
Milk Urea (mmol/L) 7.94 7.59 7.64 ±0.12 0.35 NS NS  NS 
Milk N (g/day)
5
 92.87 94.42 93.53 ±3.27 6.56 NS NS  NS 
NUE (%)
6
 17.80 17.89 17.40 ±0.16 1.52 NS NS  NS 
Urine NH3 (mmol/L) 1.08 1.05 1.24 ±0.15 0.29 NS NS  NS 
Urine Urea (mmol/L) 174.24 161.87 167.74 ±7.82 22.17 NS NS  NS 
Urine N% 0.49
a
 0.41
c
 0.47
b
 ± 0.01 0.03 <0.001 NS  NS 
Urine N (g/day) 434.63
a
 365.28
b
 352.52
b
 ±18.99 53.85 0.010 NS  NS 
Fecal %N (DM) 2.72
c
 2.83
b
 2.98
a
 ±0.07 0.13 0.002 NS  NS 
Creatinine (mmol/L) 1.16 1.16 1.29 ±0.08 0.15 NS NS  NS 
Allantoin (mmol/L) 10.53 8.95 9.80 ±0.74 2.11 NS <0.001  NS 
Uric acid (mmol/L) 1.15 0.99 1.00 ±0.08 0.22 NS <0.001  NS 
Total PD (mmol/L)
7
 11.68 9.94 10.80 ± 0.79 2.23 NS <0.001  NS 
PD index
8
 1087.22 900.71 864.92 ± 91.20 258.57 NS 0.004  NS 
Microbial supply
9
 683.33 561.27 537.96 ±59.56 258.57 NS 0.004  NS 
a,b,c
means within a row with different superscripts differ (P < 0.05), Trt = treatment 
1 Lucerne herbage N intake = [Crude Protein × DMI] ÷ 6.25 
2 Total N intake = Lucerne herbage N intake + Supplement N intake 
3 Selected lucerne N intake = Nitrogen selected determined as [(mass of pre-graze herbage × concentration of the nutrient in pre-graze herbage) – (mass of post-graze herbage     
× concentration of the nutrient in post-graze herbage)] ÷ (mass of pre-graze herbage – mass of post-graze herbage) × 10 
4 
Total selected N intake
 
= Selected lucerne N intake + Supplement N intake
 
5 
Milk N = (milk protein content (%) ÷ 6.38) × milk yield (kg/d) 
6
 NUE = milk N ÷ Total N intake (g/cow/d) × 100 
7
Total PD = allantoin + uric acid. 
8
PD index = [(total PD)/creatinine] × BW
0.75
 (kg). 
9
Determined assuming daily purine derivative excretion (dPD; mmol/kg of BW0.75) = PD index × 0.9; daily absorbed purines (daP) = [dPD (mmol/kg of BW
0.75) − 0.385      
BW
0.75
 + 0.85; and microbial N (g of N/d) = (daP × 70)/(0.116 × 0.83 × 1,000). 
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Table 4:13: Nitrogen intake and concentration in milk, urine and faeces during the 1
st
 and 2
nd
 period in autumn of the experiment. 
Measurement 
Period  
SEM 
 
LSD 
Main effects 
 
Interaction effects 
1
st
 Period 2
nd
 Period Period Time T×Trt T×P T×Trt×P Covariate 
Lucerne herbage N intake (g/cow/d) 482.44 496.60 11.37 36.36 NS -  - - - - 
Supplement N intake (g/cow/d) 44.63 59.27 1.31 3.87 <0.001 -  - - - - 
Total N intake (g/cow/d) 527.07 555.87 11.37 36.36 NS -  - - - - 
Selected lucerne N intake (g/cow/d) 734.94 781.61 17.58 56.21 NS -  - - - - 
Total selected N intake (g/cow/d) 779.57 840.88 21.53 56.21 NS -  - - - - 
Milk Urea (mmol/L) 7.80 7.65 0.13 0.36 NS <0.001  NS <0.001 <0.001 <0.001 
Milk N (g/day) 95.81 91.40 3.27 4.06 NS <0.001  NS <0.001 NS 0.002 
NUE (%) 17.88 17.79 0.37 1.07 NS <0.001  NS <0.001 NS 0.002 
Urine NH3 (mmol/L) 1.06 1.18 0.12 0.24 NS <0.001  NS NS NS NS 
Urine Urea (mmol/L) 168.20 167.61 7.79 12.03 NS NS  NS 0.010 NS <0.001 
Urine %N 0.44 0.48 0.01 0.03 NS 0.009  NS NS NS NS 
Urine N (g/day) 364.68 403.60 15.51 43.97 NS NS  NS NS NS NS 
Faecal %N (DM) 2.87 2.81 0.06 0.11 NS NS  NS NS NS NS 
Creatinine (mmol/L) 1.22 1.19 0.06 0.13 NS 0.005  NS NS NS NS 
Allantoin (mmol/L) 11.31 8.20 0.61 1.72 <0.001 -  - - - - 
Uric acid (mmol/L) 1.21 0.89 0.06 0.18 <0.001 -  - - - - 
Total PD (mmol/L) 12.52 9.09 0.64 1.82 <0.001 -  - - - - 
PD index 1107.12 794.78 74.46 211.12 0.004 -  - - - - 
Microbial N (g N/d) 696.62 491.74 68.78 137.89 0.004 -  - - - - 
Trt = treatment, T×Trt = time × treatment interaction, T×P = time × period interaction, T×Trt×P = time × treatment × period interaction 
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Figure 4.4: Nitrogen output in urine (g/day) for cows fed lucerne pasture only (□), 
lucerne + grass silage (■) and lucerne + maize silage (■) in autumn. The 
symbol ┬ on each bar is the SEM = ±18.99, LSD = 53.85 and P = 0.010. 
 
 
Figure 4.5: Faecal N output (%N/DM) for cows grazing lucerne only (□), lucerne + 
grass silage (■) and lucerne + maize silage (■) offered in autumn. The 
SEM (┬) is ±0.07, LSD = 0.14 and P = 0.002.  
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Chapter  5.  
DISCUSSION 
5.1 General overview 
The main aim of this research was to investigate the effect of supplementary 
feed on DMI, substitution rate, milk-solids and nitrogen excretion of lucerne fed dairy 
cows (Chapter 1). To achieve this aim, an experiment  was conducted to quantify dry 
matter intake (DMI), urinary and faecal-N output, milk production and composition, 
SubR and marginal milk response (MMR)  for mid-lactation dairy cows grazing 
lucerne and supplemented with maize or grass silage in autumn (Chapter 3). The 
experiment comprised of three treatments consisting of lucerne, maize and grass 
silage randomly allocated to 30 mid-lactation Friesian-Jersey dairy cows in an 
incomplete randomised crossover design in two periods each of 15 days with an 
adaptation phase and washout period of 7 days each. This chapter discusses results 
(Chapter 4) in relation to previous work (Chapter 2) and provides conclusions and 
recommendations. 
5.2 Feed characteristics 
5.2.1 Chemical components of lucerne sward and supplement 
Pre-grazing lucerne herbage constituted of 52% leaf and 48% stem on DM-
basis. The chemical components of the pre-grazing lucerne in g/kg DM consisted of 
DM = 154.2 ± 7.4, CP = 234.5 ± 6.6, N = 37.5 ± 1.0, NDF = 377.6 ± 11.6, ADF = 
306.2 ± 9.5, WSC = 258.2 ± 6.8, fat = 25.6 ± 1.4,  ash = 104.1 ± 3.3, OM = 895.9 ± 
3.3, DMD = 647.9 ± 7.1 and ME of 8.9 MJ ME/kg DM. These quality parameters fall 
within the range of typical feed values summarized for lucerne forage by Woodward 
et al. (2010), Castillo (1999), Hill laboratories (2013), Burke (2004) and Chatepa 
(2012). However, the ME value of lucerne herbage in the present study was slightly 
lower compared to that reported by Brown and Moot (2004) and Woodward et al. 
(2010) of 11.6 and 10.6 MJ ME/kg DM respectively for lucerne produced under 
irrigation conditions in autumn.  
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The concentration of N was higher (P < 0.001) in lucerne forage (37.5 ± 1.0 
g/kg DM) compared to that in maize silage (12.5 ± 1.0 g/kg DM) and grass silage 
(22.2 ± 1.0 g/kg DM), which coincided with that reported in previous grazing studies 
investigating the effects of offering a range of pasture or forage and low-N silage 
supplements on dry matter intake, milk production and, or nitrogen utilisation of 
grazing dairy cows; in which supplementary feeds had lower N content (de Ruiter, 
Dalley, Hughes, Fraser, & Dewhurst, 2007; Morrison & Patterson, 2007; Tamminga, 
Bannink, Dijkstra, & Zom, 2007; Woodward et al., 2002a; Woodward, Chaves, 
Grayling, & Waghorn, 2001).  
5.2.2 Growth characteristics of lucerne 
Lucerne had reduced regrowth in the 2
nd
 period, towards late autumn (April-
May) compared to the 1
st
 period in early autumn (February-March).  This resulted in 
general decrease in stem height and pre-grazing mass (P < 0.001; Table 4.5). The 
decreased stem regrowth was also reflected by the reduction (P < 0.01) in the 
composition of ADF of the lucerne plant (Table 4.1). This reduced growth was also 
evidenced by the increase in leaf:stem ratio from 0.99 to 1.30 ± 0.04 in the 2
nd
 period 
(P = 0.003; Table 4.4). This growth characteristic of lucerne in autumn has been 
described previously by Moot et al. (2003). The author reported that during autumn, 
the ratio of shoot to root production decreases. And the decreasing temperatures and 
photoperiods at this time of the year tend to reduce both growth and development. 
During autumn, the main allocation of assimilates for the lucerne crop shifts from 
shoot to root production, replenishing reserves for overwintering and spring regrowth. 
This reduced regrowth of lucerne in present study caused changes in the chemical 
composition (mainly ADF, N and CP) of lucerne resulting to significant period effect 
on most of the measured animal parameters. 
5.3 Animal Performance 
5.3.1 Nutrient selection  
There is little quantitative data on the selection of nutrients by dairy cows 
grazing irrigated lucerne in autumn when offered supplementary feed. In the current 
study, the effect of dietary treatments on nutrient selection was non-significant (P > 
0.05), however, there was a significant period effect (P < 0.01) on the selection of CP, 
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N, ME, fat, WSC, DMD, ADF and NDF. Generally, the cows selected lucerne with 
higher concentrations of CP, N, ME, fat, WSC and DMD in the 2
nd
 period, while NDF 
and ADF were consumed more in the 1
st
 period. This effect of period on selection of 
lucerne nutrients was attributed to the reduction in stem growth in the 2
nd
 period. 
Overall, cows consumed lucerne parts (mainly leaf) with higher ME of 12.5 ± 0.3 
MJ/kg DM which was 1.28 ± 0.10 times more than 8.9 MJ ME/kg DM in the herbage 
on offer. Cows also consumed greater amounts of CP and N of up to 362.6 ± 14.7 and 
58.0 ± 2.4 respectively, which was 1.55 ± 0.19 times more than that in the offered 
herbage. Selection differential was also high for fat (1.52 ± 0.18) and water soluble 
carbohydrates (1.49 ± 0.17; Table 4.7). In contrast, cows consumed herbage with 0.30 
times less ADF and NDF than that on offer. The implication being that, cows selected 
more leaf than stem, which had higher content of CP, N and ME than NDF and ADF. 
This also coincided with the low leaf:stem ratio for post-grazing lucerne (P < 0.001). 
Similar findings on higher leaf consumption compared to stem have been reported in 
previous studies with cattle grazing lucerne (Popp et al., 1999; Schlegel, 
Wachenheim, Benson, Ames, & Rust, 2000; Smith et al., 2013). Clark, Lambert, 
Rolston, and Dymock (1982), suggested that livestock tend to select more green leaf 
than on offer in the sward because it is of higher preference than dead herbage or 
because it is more accessible in the upper grazed horizon of the canopy. This selection 
of green leaf may also reflect the lower structural strength and sheer force of green 
leaf, and hence ease of prehension (Hendricksen & Minson, 1980).  
Grazing trials involving grass-pastures in which selection differential was 
estimated, found lower differential values for in vitro DMD, CP and ME compared to 
those obtained in the current study with cows grazing lucerne forage. The selection 
differential for the in vitro DMD in the present study was higher by up to + 0.17 over 
that reported for most grass pastures. The selection differentials for in vitro DMD 
were estimated to be 1.12 for cows grazing irrigated perennial ryegrass–white clover 
swards in spring and autumn (Wales et al., 1998; Wales, Stockdale, Doyle, & Dellow, 
1999), for  dairy cows grazing rain-fed perennial pastures at different herbage 
allowances in spring (Moate, Dalley, Roche, & Grainger, 1999) and those of 
Kellaway, Tassell, Havilah, Sriskandarajah, and Andrews (1993) for irrigated 
ryegrass–kikuyu swards throughout the year. The selection differential for CP of 1.55 
± 0.19 was higher compared to 1.32 reported by Moate et al. (1999), 1.33 obtained by 
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Wales et al. (1999), 1.35 measured by Kellaway et al. (1993) and that within the 
range of 1.24 – 1.48 reported by Wales et al. (1998). These high selection differentials 
for CP in the present study implied that the CP intake exceeded the general 
recommended requirements of about 16% in mid lactation (Kolver, 2000; NRC, 1989; 
Waghorn, Burke, & Kolver, 2007). The requirements for CP were exceeded by up to 
14.26% CP (DM). The selection differential for ME (1.28 ± 0.10) was also higher 
compared to that reported by Kellaway et al. (1993) of 1.16 for cows grazing 
ryegrass–kikuyu pastures. The higher selection differentials for DMD and ME for 
dairy cows in the present study coincided with the implications of selective grazing 
for forage summarised by Cosgrove and Edwards (2007), which states that the 
digestibility and ME of the diet selected is generally higher than the whole pasture on 
offer (Guy, Watkin, & Clark, 1981; L'Huillier, Poppi, & Fraser, 1984).  
5.3.2 Herbage intake and Utilisation 
5.3.2.1 Dry matter intake and Substitution rate 
Usually, supplementary feeds are offered to grazing dairy cows to increase dry 
matter (DM) and metabolisable energy (ME) intakes; however, offering feed 
supplements reduces pasture DM intake, a phenomenon known as substitution (Bargo 
et al., 2003; Sheahan, Kolver, & Roche, 2011; Stockdale, 2000). In the present study, 
silage supplementation, regardless of silage type, increased (P < 0.05) both total dry 
matter intake (DMI) and metabolisable energy intake - MEI (MJ ME/kg DM) when 
compared with the control lucerne only treatment (Table 4.6). The intake of the silage 
supplements increased the total DMI to 15.49 and 15.58 ± 0.41 kg DM/cow/day for 
cows fed lucerne + maize silage and lucerne + grass silage respectively compared to 
the cows offered lucerne only (14.14 ± 0.57 kg DM/cow/day). Previous studies under 
lucerne grazing supplemented with corn grain also reported increased total daily 
intakes ranging from 16.6, 16.7 and 19.4 kg DM cow
-1
day
-1
 for cows offered lucerne 
only, lucerne + 3.5 kg DM of corn cow
-1
day
-1
 and lucerne + 7.0 kg DM of corn cow
-
1
day
-1
 respectively in autumn of 1991, and 16.8, 17.8, 18.1 and 18.5 for cows offered 
lucerne only, lucerne + 3.0 kg DM of corn cow
-1
day
-1
, lucerne + 6.0 kg DM of corn 
cow
-1
day
-1
 and lucerne + 9.0 kg DM of corn cow
-1
day
-1
 respectively in autumn of 
1992 (Castillo, Romero, Quaino, Comerón, & Gaggiotti, 2001a). The silage 
supplements also increased the total MEI to 140.53 and 144.84 ± 3.52 MJ ME/kg 
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DM/cow/day for cows offered maize and grass silage respectively compared to 
124.13 ± 3.52 MJ ME/kg DM cow
-1
day
-1
 for cows fed lucerne only. The estimated 
selection differentials suggested that cows selected lucerne with higher ME content, 
hence the total MEI was substantially high within the range of  171.29, 186.61 and 
194.68 ± 3.96 MJ ME/kg DM cow
-1
day
-1 
for cows receiving lucerne only, lucerne + 
maize silage and lucerne + grass silage respectively.  
Apart from increasing the total DMI and MEI of supplemented cows, offering 
the silage supplements reduced lucerne pasture DM intake by up to 1.36 kg 
DM/cow/day, resulting in lucerne DMI of 12.78 and 12.92 ± 0.57 kg DM/cow/day for 
cows offered maize and grass silage respectively. Un-supplemented cows consumed 
more lucerne (14.14 ± 0.57 kg DM/cow/day; P = 0.043) than the supplemented cows. 
Previous studies have reported intakes within similar ranges for un-supplemented 
cows grazing lucerne. Danelon, Locatelli, Gallardo, and Guaita (2002) reported 
intakes of 13.11 ± 0.63 and 10.52 ± 0.57 kg DM/cow/day for Argentine Holstein dry 
cows offered 15 kg DM/cow/d lucerne wilted to 35–40% DM) and fresh lucerne 
respectively. Smith et al. (2013) and Woodward et al. (2010) reported higher intakes 
of 15.2 and 18.0 kg DM/cow/day for dairy cows offered higher allowances of 17 and 
20 kg DM/cow/d in early and late lactation respectively. The implication being that at 
higher allowances (>15 kg DM), cows are likely to have higher DMI. Smith et al. 
(2013), found no significant difference (P > 0.05) in DMI between cows offered 
lucerne and ryegrass.  
The reduction in lucerne intake resulted in substitution rate of 0.44 ± 0.04 kg 
DMI of lucerne/kg DMI silage, which did not differ between cows fed either maize 
silage or grass silage (P > 0.05) This rate of substitution obtained in the present study 
is lower compared to 0.66 kg DM pasture per kg DM corn reported for Holstein dairy 
cows grazing lucerne in autumn (Castillo et al., 2001a), and much lower than 0.84 to 
1.02 kg of grass DM kg
-1
 of forage supplement DM for dairy cows grazing ryegrass 
dominant pasture (Bargo et al., 2003). Although, the exact mechanisms for this low 
subR were not determined, it could be attributed to the low supplement allowance (3 
kg DM/cow/d), in addition to the fact that cows were in mid lactation when the high 
energy intake is partitioned more towards foetal growth and body reserves, less to 
milk (Alderman, 1983). The low subR did not however translate to higher milk solids 
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response to silage supplement as it would have been expected. Nonetheless, the 
substitution can be managed for the benefit of the farm, through deliberately sparing 
lucerne pasture that can be used at a later time (e.g. during winter or early spring) with 
minimal loss in quality. In this case, supplements are fed when lucerne growth rate is 
lower than the herd’s feed demand (kg DM/ha daily), in order to maintain DM 
intakes, lactation length and milk production, while maintaining or increasing average 
pasture cover through reduction in pasture consumption. In the latter situation feeding 
supplements is a deliberate and managed substitution to replace grazed lucerne 
pasture, with the aim of maximising the growth of high quality lucerne while 
maintaining feeding levels. This positive effect of “managed” substitution was shown 
by Grainger and Mathews (1989), Wales, Williams, and Doyle (2001), and Wills and 
Holmes (1988), where cows offered a restricted pasture allowance plus supplement 
consumed less pasture but as much energy as cows offered a higher pasture allowance 
with no supplement. Similarly, supplemented cows in the present study consumed less 
lucerne pasture due to substitution, but with MEI that did not differ from that of un-
supplemented cows. Thus, in this study, substitution can be utilised to allocate a lesser 
lucerne allowance of 12 kg DM/cow/d plus 3 kg DM/cow/d of silage instead of the 15 
kg DM/cow/d lucerne, consequently, sparing up to 3 kg DM/cow/d lucerne, and 
which could increase the rotational length from 30 to 35 days. Such increase in the 
inter-grazing interval would allow adequate regrowth time for lucerne to accumulate 
adequate pre-graze herbage of high quality before the next grazing; this is particularly 
significant during seasons of reduced lucerne regrowth in autumn and early spring.        
5.3.2.2 Percentage utilisation  
The % utilisation of lucerne per hectare across the three diets was low 
compared to the high utilisation per cow, averaging at 44 ± 2% vs. 88.5 ± 3.8% 
respectively. Such low utilisation rates per hectare for cows grazing lucerne have been 
reported previously. Dougherty et al. (1988), reported that cows consumed herbage at 
a greater rate when utilisation per hectare (efficiency of harvesting per hectare) was 
low at 44%. High rates of utilisation per hectare (>50%) were found to reduce 
individual cow intake rate and general animal performance (Popp et al., 1997).  
Cangiano, Castillo, Guerrero, and Putnam (2008), explained that the low % utilisation 
per hectare and the high utilisation per cow was due to trade-off between complete 
forage utilization (yield and harvest efficiency) through intensive grazing and the 
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animal  s performance, daily gain, or milk production. With dairy grazing systems, 
there is a clear trade-off between maintaining high milk production through grazing 
high-quality lucerne forage and more intensive grazing to maximize harvesting 
efficiency per hectare (Cangiano et al., 2008).  Mostly, high pasture utilisation per 
cow like that observed in the present study is achieved through less grazing pressure 
(lax grazing), which usually results in low pasture utilisation per hectare.  Intensive 
grazing tends to maximize forage yield and harvesting efficiency per hectare (grazing 
plants completely to the ground). However, grazing lucerne when the pasture consists 
mainly of low-quality stems at the bottom of the canopy forces the cows to consume a 
diet with significantly lower quality. This decreases total daily intake, affecting body 
weight gain, milk yield and utilisation per animal (Cangiano et al., 2008).  
Thus, cows in the present study, under lax grazing, consumed more of the 
higher parts of lucerne sward, leaving low-quality stems at the bottom of the canopy, 
which resulted in the high per cow utilisation (DM-intake) and the low per hectare 
utilisation. It has been suggested that the low utilisation of lucerne per hectare can be 
improved by using leader-follower grazing systems (Blaser, 1982; Dougherty et al., 
1988), whereby the follower animals have lower nutrient requirements (e.g., dry cows 
or cow-calf pairs). This prevents wasting the lower quality stem material and allows 
pasture to be grazed with improved efficiency (complete forage utilisation).  
5.3.2.3 Feed conversion efficiency to Milk-solids 
 Although the total DMI and MEI was high in the supplemented cows, the 
efficiency of converting the feed to milk-solids did not differ (P > 0.05) between cows 
offered lucerne only and those fed maize or grass silage. Thus, the supplements did 
not improve the FCE, and which can be partly attributed to the physiological status of 
the dairy cows during lactation. Changes in FCE during the course of lactation have 
been well documented (Beever & Doyle, 2007). Typically, FCE declines as lactation 
progresses (Kirkland & Gordon, 2001; Phyn, Clark, Aspin, & Kolver, 2008) as a 
result of nutrients being used for processes other than milk-solids production during 
mid to late lactation. Kirkland and Gordon (2001), found partitioning of MEI to milk 
energy to significantly decrease with advance in lactation from early to late lactation. 
Often, after peak lactation (mid-late lactation), milk yield declines and cows enter a 
state of positive energy balance and commence tissue repletion. In the present 
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experiment, cows were in mid-late lactation when milk yield was on a decline before 
drying-off in April-May, and which could have resulted in the lack of improvement in 
the FCE for cows offered maize or grass silage (0.09 ± 0.01 kg MS/kg DMI) 
compared to cows grazing lucerne only (0.01 ± 0.01 kg MS/kg DMI). 
5.3.3 Milk production and composition 
5.3.3.1 Marginal milk-solids response 
There was no significant effect (P > 0.05) observed of the dietary treatments 
on daily production of milk yield and milk-solids production, with the average yield 
being in the range of 14.81 ± 0.31 kg milk/day and 1.43 ± 0.04 kg MS/day 
respectively. The milk-solids yield in the present study are lower compared to 1.61 
and 2.23 kg MS/cow/day for dairy cows offered 17 kg DM/cow/day of lucerne in 
autumn and spring respectively (Smith et al., 2013), suggesting the effect of lucerne 
allowance and season on milk-solids yield. Generally, the marginal milk-solids 
response was low, averaging 0.02 ± 0.01 kg MS per kg DM silage intake, which did 
not differ with the type of silage (P > 0.05). This low response in autumn could be 
attributed to the steady decline in milk yield during mid - late lactation (Alderman, 
1983). However, response rates are determined by more factors than just the cow’s 
physiological response to supplements. Penno, Holmes, MacDonald, and Walsh 
(1998), concluded that the largest increase in milk solids production from 
supplementation would occur at times of greatest underfeeding (relative energy 
deficit), irrespective of the season or lactation stage. Implying that cows in the current 
study were not underfed, and that the consumption of energy from lucerne herbage 
was adequate to meet the ME requirements for milk-solids yield. Hence, the extra 
MEI from silage supplements was partitioned more towards replenishing body 
reserves and for foetal growth (pregnancy). According to the estimates of total ME 
requirements for dairy cows, which constitute maintenance, milk production, change 
in liveweight, walking and pregnancy  (DairyNZ, 2012; Holmes et al., 2002; Kolver, 
2000),  milking cows require ≃ 49 to 68 MJ ME/day for maintenance needs related to 
liveweight (0.6 MJ ME/kg LW
0.75
) that ranges from 350 to 550 kg LWT respectively.  
Approximately, 65 MJ ME is required to produce 1 kg MS, 39 MJ ME is required for 
a milking cow to gain 1kg liveweight, whereas, 32 MJ ME is released when 1kg 
liveweight is lost. Gaining one condition score is equivalent 25 kg liveweight gain in 
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a Jersey cow, and 35kg in a Friesian cow. To walk 1 kilometre on flat land, a cow 
uses 1 MJ ME, which increases to 5 MJ ME per kilometre on hilly terrain. In early 
pregnancy, the growing calf requires little extra energy from its mother to grow. 
However, for the last 4 months of pregnancy (i.e. mid-late lactation), the energy 
demands become more significant, ranging from 5, 10, 20 and 30 MJ ME/day in the 
6
th
, 7
th
, 8
th
 and 9
th
 month of pregnancy respectively. Based on these estimates for ME 
requirements, it implies that cows in the present study had their daily ME 
requirements largely met at an average MEI of 124.12 MJ ME/kg DM from lucerne 
only (i.e. the intake for the control group). Thus, the extra MEI from silage 
supplements was approximately 16.41 and 20.71 MJ ME/kg DM for maize and grass 
silage respectively. Out of this extra MEI, about 10 MJ ME/day or 0.90 kg DM grass 
silage and 0.98 kg DM maize silage was partitioned towards foetal growth (since on 
average the cows were in the 7
th
 month of pregnancy).  The remaining extra MEI was 
partitioned towards replenishing body reserves (≃ 5 to 9 MJ ME/day) and MS yield 
(1.3 MJ ME/kg DM to produce the additional 0.02 kg MS). This implies that in mid-
lactation, less extra MEI (˂ 65 MJ ME) from supplementary feeds is partitioned 
towards MS production resulting in low MMR, and which can be attributed to the 
steady decline in milk yield from the 6
th
 month of pregnancy.  
Under the spring-calving pattern in New Zealand’s pasture-based dairy 
systems, autumn has often been promoted as the most economical season to feed 
supplements (de Klerk, 2012). This is not because cows are more efficient at 
converting supplementary feed to milk during mid-late lactation, but rather due to a 
system response, i.e. as pasture growth slows, extra supplement such as grain or silage 
can be used to extend the round and protect the residual, effectively growing more 
grass/lucerne and allowing more pasture to be harvested over a longer period, thereby 
increasing days in milk and milk production per cow (de Klerk, 2012). Thus, the low 
efficiency of converting feed to milk-solids and the subsequent low MMR for cows 
fed silage in the present study, indicate that supplementary feeds can be used in 
autumn to sustain high DM intakes (White, 1982) and enable substitution of the sown 
lucerne crop to increase herbage cover on the farm during periods of reduced growth 
in autumn/winter and early spring. 
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5.3.4 Liveweight change and Body condition 
Feeding maize and grass silage supplements resulted in positive liveweight 
gain and body condition but which was non-significant (P > 0.05). Liveweight was 
gained at the rate of +0.25 kg/cow/day, and body condition added at the rate of +0.15 
units per cow/day. These findings are consistent with those from a review by Broster 
and Broster (1998), which found little variation among treatment groups in LWT and 
body condition during mid to late lactation, and attributed this to partitioning of 
nutrients and energy balance.  During mid-late lactation, cows are usually in positive 
energy balance and partitioning of energy intake is more towards foetal growth and 
LWT gain and less to milk yield (Alderman, 1983). In the present study however, 
supplemented cows which had higher total MEI and low MMR, ended up with LWT 
and BC which did not differ from the un-supplemented cows. It could have been 
expected that the extra MEI not used for milk-solids yield be partitioned towards gain 
of body weight and body condition. Holden, Muller, Lykos, and Cassidy (1995), also 
found lack of overall significant differences in body condition score for Holstein cows 
grazing grass with maize silage. The authors attributed this to be partly due the short 
duration of the trial and noted that supplemental silage may have a positive effect on 
body condition through an entire lactation but may not have an effect over a short 
period. Similarly, in the present study, the lack of dietary effect on LWT and BC can 
partly be due to the short duration of the trial (30 days), and partly due to partitioning 
of more energy intake towards foetal growth in mid-late lactation. The estimates of 
total ME requirements for dairy cows indicate that 39 MJ ME is required for a dairy 
cow to gain 1kg liveweight and to gain one condition score is equivalent 25kg 
liveweight gain in a Jersey cow, and 35kg in a Friesian cow (DairyNZ, 2012; Holmes 
et al., 2002). In present study, cows partitioned ≃ 10 MJ ME/day  towards foetal 
growth and ≃ 5.11 to 9.41 MJ ME/day from the silage supplements to replenish body 
reserves. This amount of energy was therefore not adequate for the supplemented 
cows to gain 1kg liveweight or one condition score compared to the un-supplemented 
cows over the short (30 days) duration of the experiment. However, over an entire 
lactation, the accumulated energy could have a positive effect on body condition, 
LWT and MS yield for the supplemented cows.  
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Thus, it could be postulated that the benefit of offering maize or grass silage in 
autumn is when the carryover effects of substituted lucerne pasture and spared cow 
condition are turned to milksolids after calving in spring. Clark (1993), noted that 
supplements fed in the spring are likely to benefit only when offered early during a 
period of severe underfeeding (e.g. in autumn) and if they are stopped before the end 
of the feed deficit. 
5.3.5 Grazing behaviour 
The height of lucerne gradually decreased with each bite taken after every 15 
minutes of measurement (Figure 4.3).Within the morning grazing session of 4 hours, 
after being offered a new allocation in the morning, cows in the lucerne only group 
had consumed 51 ± 1% of their total DMI, higher (P < 0.001) than those offered 
maize silage (49 ± 1%) or grass silage (39 ± 1%). Overall, cows had consumed 46 ± 
1% of their total daily intake.  This percentage consumption for cows within the 1
st
 
grazing session is much lower compared to 66% to 69% reported for ryegrass 
(Gregorini et al., 2009) and chicory diets (McCoy, Collins, & Dougherty, 1997), and  
57% for simple and diverse swards in autumn (Bryant, Miller, & Edwards, 2012). The 
structure of lucerne canopy could have constrain the grazing intake  (Cangiano et al., 
2008) resulting to the low percentage intakes reported in the present study. Cangiano 
et al. (2008), described the mechanisms responsible for constraining the grazing 
intake of lucerne. The authors noted that animals usually graze lucerne forage by 
horizons, depending on the depth of each bite. During the morning grazing session of 
4 hours, dairy cows consume about 50% of the available forage by volume from the 
top of the canopy, independent of the cattle’s body weight. In subsequent grazing 
sessions, animals will consume about 50% of the available remaining forage, and 
quality will reduce significantly from top to bottom of the canopy as animals select 
the best parts of the plants first, and then the stemmy, fibrous portions of the plant at 
the bottom.  
The consumption of maize and grass silage reduced the intake to 49% and 39 
± 1.07% respectively (P < 0.001).  The effect of the supplements was also reflected in 
the reduction of grazing time by up to 7 minutes (P < 0.001), and the increase in time 
spent idling and lying (P < 0.05) compared to non-supplemented cows particularly 
towards the end of the four hours grazing session.  This reduction in grazing time was 
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consistent with observations from previous studies which reported that increasing the 
amount of supplement reduced grazing time by 8 to 20 minutes, but with little or no 
effect on biting rate (Arriaga-Jordan & Holmes, 1986; Bargo et al., 2002; Bargo et al., 
2003; Gibb et al., 2002; Kibon & Holmes, 1987; Rook et al., 1994). The type of 
silage had no significant effect on grazing time (P > 0.05), an observation supported 
by previous study findings, which found that it was the amount, but not type of 
supplement (e.g. cereals and beet pulp) which reduced grazing time (by 8 to 12 
min/kg of concentrate) for dairy cows grazing ryegrass (Kibon & Holmes, 1987). 
Supplements tend to influence grazing time and biting rate mainly through animal-
related mechanisms such as short-term satiety signals like rumen physical fill and 
metabolic signals (Forbes, 2007; Rook, 2000). Thus, in the present study, the 
reduction in grazing time may have been due to the effect of silage supplements on 
physical fill of rumen (short-term physical regulation of intake) which may have in 
turn ceased grazing intake by up to 7 minutes (P < 0.001) compared to the grazing 
time for the non-supplemented cows during the morning grazing session of 4 hours. 
5.3.6 Nitrogen concentration in milk, urine and faeces 
5.3.6.1 N – intake, NUE and N - excretion 
Cows offered lucerne only consumed higher amounts of lucerne N (530.78 ± 
15.25 g N/cow/day; P = 0.043) compared to cows supplemented with maize and grass 
silage (479.43 and 484.72 ± 15.25 g N/cow/day respectively). The silage N increased 
the total N intake of supplemented cows, but which did not differ significantly (P > 
0.05) from that of un-supplemented cows (Table 4.12). The total selected N intakes 
estimated from selected CP (362.57 ± 14.72 g/kg DM) were even higher but did not 
also differ (P > 0.05). The total selected N intakes were in the ranges of 820.52, 
789.48 and 802.28 ± 23.58 g N/cow/day for cows offered lucerne only, lucerne + 
maize silage and lucerne + grass silage respectively. The nitrogen use efficiency 
(NUE) averaged at 18.8 ± 0.47% for all cows in the three dietary treatments, which 
can be classified as generally low compared to 25% typical for pasture grazed dairy 
cows (Huhtanen & Hristov, 2009; Kohn, Dinneen, & Russek-Cohen, 2005). Feeding 
maize or grass silage did not improve the NUE and microbial N flow. Similar 
observations on NUE have been published for dairy cows grazing grass pastures and 
offered supplemental carbohydrate (Kolver, Muller, Varga, & Cassidy, 1998a). 
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Castillo (1999), observed that for animals grazing high quality pastures (grass or 
lucerne), the high content and rumen availability of crude protein as well as the 
problems of controlling grazing behaviour, suggests it may be difficult to improve 
energy and protein interaction in the rumen by supplementation. Changes in rumen 
nitrogen degradation and ammonia concentration under grazing tend to be affected by 
grazing behaviour. The time spent grazing in a 24-hour period will be influenced by 
the food requirement of the animal, the amount and distribution of vegetation and by 
the rate (grams ingested per minute and per bite) at which the animals eat (Arnold, 
1981), but a classical diurnal pattern of grazing is characterized by two period: each 
around 4-hours. This suggests that in each diurnal pattern, increasing quantities of 
fresh forages are consumed and degraded in a 4-hour period, producing a peak of 
rumen ammonia concentration in between 3 or 4-hours (Castillo & Gallardo, 1995; 
Kolver et al., 1998a). Such changes plus seasonal changes and diurnal fluctuations of 
rumen metabolites (Beever & Siddons, 1986; Beever et al., 1978; Kolver et al., 
1998a), make it difficult to obtain a high efficiency of nitrogen utilisation under 
grazing conditions.  
Although an increase in total milk-solids was not observed on the 
supplementation of cows grazing lucerne pasture in autumn, clear benefits were seen 
in terms of urinary N excretion. Silage supplements effectively minimised urinary-N 
excretion and increased the content of faecal-N. The intake of maize and grass silage 
reduced (P = 0.010) urinary-N excretion to 365.28 and 352.52 ± 18.99 g/day 
respectively compared to 434.63 ± 18.99 g/day for lucerne only cows. When 
compared to control group, the supplements reduced urinary N output by 19% and 
16% for cows fed grass and maize silage respectively. Cows consuming grass silage 
excreted slightly higher faecal N content (2.98% N) than those fed maize silage (2.83 
%N), which was 9% and 4% higher than that for cows offered lucerne only. These N-
output findings in the present study are consistent with those reported in previous 
studies which found feeding low protein feed such as maize or grass silage (7.5 and 
15% CP) in conjunction with high protein pasture dilutes dietary protein content and 
reduces N excretion from grazing cows by up to 70% (Aarts et al., 1999; Jarvis, 
Wilkins, & Pain, 1996; Kebreab, France, Beever, & Castillo, 2001; Ledgard, 2006; 
Ledgard et al., 2000). Ledgard (2006), reported that feeding maize silage reduced the 
N content of urine by up to 70% and out of the total nitrogen excreted in the dung and 
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urine, cows fed maize silage excreted a greater proportion in the dung while cows fed 
pasture excreted a greater proportion in the urine. However the quantity of N excreted 
in dung with a maize diet was relatively small.  
This partitioning of nitrogen to urine and faeces by dairy cows can be 
explained from digestion mechanisms previously described, whereby it has been 
postulated that N excreted in faeces (g d
-1
) originates from truly indigestible feed 
protein, undigested microbial N and endogenous N. Apparently indigestible N is only 
weakly dependent on the N content of forage (Demarquilly, Grenet, & Andrieu, 
1981). For most diets fed to dairy cows, faecal N is directly related to the total DMI 
and averages 7.2 g N kg
-1
 DMI (Peyraud, Vérité, & Delaby, 1995). On the contrary, N 
excreted in urine (g d-1) is directly affected by the level and composition of the 
ingested protein. Increases in urinary N may originate from an excess of rumen-
degradable N vs. rumen microbial requirements or from an excess or unbalanced 
amino-acid supply vs. cow requirements. Both lead to the production of urea that 
diffuses in the organism and is ultimately excreted in the urine, where it constitutes 10 
to 80 % of urinary N (Peyraud et al., 1995). Urea-N is rapidly converted to ammonia 
(NH3) and easily volatilized or leached.  
Cows offered lucerne only had the highest concentration of MUN (15.85 ± 
0.39 mmol/L; P = 0.044) than those offered maize and grass silage (15 and 15.30 ± 
0.39 mmol/L respectively). Excessive protein intake has been implicated to be a 
common nutritional factor responsible for such elevated MUN (Jonker, Kohn, & 
Erdman, 1998). Tyrrell, Moe, and Flatt (1970), demonstrated that if the high dietary 
intake is low in energy or high in protein to energy ratio, rumen bacteria will have 
reduced efficiency in utilizing free ammonia to synthesize protein, which can result in 
increased BUN or MUN (Broderick & Clayton, 1997; Hof, Vervoorn, Lenaers, & 
Tamminga, 1997; Rajala-Schultz & Saville, 2003). Cows in the present study 
consumed lucerne herbage with relatively higher CP (~36% CP), particularly the non-
supplemented cows, which could have elevated the MUN levels up to 15.85 ± 0.39 
mmol/L. Several overseas studies have reported MUN concentrations of 2.5 - 3.3 
mmol/L (15-20 mg/dL)  (Butler, 1998; Ferguson & Chalupa, 1989; Pehrson, Forshell, 
& Carlsson, 1992; Rajala-Schultz, Saville, Frazer, & Wittum, 2001), to cause negative 
effects on dairy cow fertility associated with long inter-oestrous interval due to low-
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progesterone concentration in the blood (Larson, Butler, & Currie, 1997), and 
decreased uterine pH, that could make the environment within the uterus unsuitable 
for early embryo development particularly at first service (Elrod, Van Amburgh, & 
Butler, 1993; Ferguson, Galligan, Blanchard, & Reeves, 1993; Guo, Russek-Cohen, 
Varner, & Kohn, 2004). However in New Zealand, relatively higher MUNs and 
BUNs of up to 40-50 mg/dL (7-8 mmol/L) have been reported as common in most 
studies with dairy cows fed ryegrass pastures (Harkin, 2013; Roche, Petch, & Kay, 
2005; Smith et al., 2001). Even higher MUN and BUN concentrations ≥ 60 mg/dL 
(10 mmol/L) have been recorded in studies with dairy cows grazing N-fertilised 
herbage (particularly in spring) (Ordonez et al., 2007). This is three to four times 
greater than the reported safe level for reproduction for dairy cows in overseas. The 
MUN concentrations for lucerne fed cows in the present study (15 to 15.85 ± 0.39 
mmol/L) are almost twice that for ryegrass fed cows in New Zealand and almost five 
times greater than the recommended overseas level. In spite of these high MUN 
concentrations, the pregnancy (foetal development) of cows in the current study was 
not affected, previous researches also show no potential negative effects of the high 
MUN levels on the reproduction of dairy cows in New Zealand (Ordóñez et al., 2004; 
Ordonez et al., 2007; Smith et al., 2001). Although, it is not clear why New Zealand 
cows are able to tolerate such higher dietary crude protein (MUN and BUN) levels 
and still maintain a normal reproductive profile; it has been suggested that it may be 
because New Zealand cows are well adapted to high protein diets as a result of 
continued consumption overtime (Roche, 2010). Some authors have suggested that it 
could be due to the lack of relationship between high MUN/BUN or pasture crude 
protein content and if a cow conceives (gets pregnant) or not (Kenny, Boland, Diskin, 
& Sreenan, 2001, 2002; Ordonez et al., 2007) 
5.3.6.2 Non-urea components in urine 
Dietary treatments had no effect on urinary concentrations of creatinine, 
purine derivatives (PD) i.e. allantoin and uric acid, calculated PD index and the total 
microbial N supply (P > 0.05). However, the period effect was significant (P < 
0.001). PD index is a relative measure of intestinal microbial protein supply (Chen, 
Mejia, Kyle, & Ørskov, 1995), and the lack of difference in the PD index indicates 
similar levels of microbial activity between the dietary treatments. Lack of variation 
in PD index was also reported for dairy cows grazing simple and diverse pastures 
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(Totty, Greenwood, Bryant, & Edwards, 2012). In the present study, the estimated 
microbial N supply was relatively higher than the total N intake from the general 
lucerne herbage on offer, but lower than the total selected N intakes estimated from 
selected CP (Table 4.12). This suggests that cows may have actually consumed higher 
amounts of total N than those estimated from the CP content in the general pasture; 
hence a more accurate alternative method could have been used to quantify the total 
N-intake. 
Urinary PD comprised of allantoin = 89.12%, uric acid = 10.02%, xanthine 
and hypoxanthine = 0.86%. The higher allantoin content of the total urinary PD 
excreted corroborates with the findings of Gonda and Lindberg (1994), Shingfield and 
Offer (1998)  and Totty et al. (2012), which found concentrations above 90%. No 
significant amounts of xanthine and hypoxanthine (0.86%) were detected. The 
absence of salvageable PD - xanthine and hypoxanthine in the urine samples 
confirmed the high ability of the cows to oxidise absorbed purine bases to non-re 
utilisable PD (Balcells, Parker, & Seal, 1992; Chen, Hovell, Ørskov, & Brown, 1990; 
Tas & Susenbeth, 2007). The excretion of creatinine was relatively constant across the 
three dietary treatments (P > 0.05), an observation that follows the suggestion that the 
excretion rate of creatinine is relatively constant in healthy animals and remains 
independent of level of intake (Chen & Gomes, 1995). Moreover, the use of creatinine 
as an internal marker of urinary output relies on the assumption that the creatinine 
excretion through urine is affected neither by diet nor the physiological status of the 
animal, but is excreted in proportion to body weight. There was little difference in the 
liveweight of the cows used in this study (P > 0.05), and hence they had almost 
similar excretion of urinary creatinine.  
5.3.7 General discussion on grazed lucerne & supplements in dairy systems 
The traditional place of lucerne in farm enterprises has been special purpose 
stands grown for conservation or fattening lambs. Consequently, little research has 
been conducted in New Zealand on the use of lucerne for dairy production (Bryant, 
1978; Douglas, 1986; Moot, 2009). Overseas, lucerne is used as a high quality feed 
for dairy cows, particularly under cut and carry and preserved feed systems, although 
to achieve high production, energy supplementation is needed (Barnes & Gordon, 
1972; Basigalup & Ustarroz, 2007; Cangiano et al., 2008). Previous studies have 
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shown that direct grazing of lucerne can play an important role in reducing operative 
costs and decreasing quality loss due to forage conservation (hay or silage) (Basigalup 
& Ustarroz, 2007; Iversen, 1967),  and farmers’ experiences indicate that it is possible 
to reach high animal response under direct grazing provided appropriate management 
practices are utilised. Findings from this study also showed that lucerne can be 
directly grazed by mid-lactating dairy cows in autumn, and maize or grass silage 
supplement can be offered when the regrowth of lucerne decreases to sustain high 
DM and ME intakes. In addition, the economic benefits of a lucerne system are 
potentially very high. Using Lincoln University Dairy Farm data shows increases of 
38% and higher, in cash operating surplus, with little increase in total expenditure 
(Campion, 2011).  
The typical growth and development of lucerne are strongly linked and altered 
by environmental signals (i.e. temperatures and photoperiods) across seasons. These 
in-turn regulate the remobilisation of carbohydrate and amino acid reserves from 
stores in the crown and tap root to new basal buds located on the crown of the plant 
(Moot et al., 2003). Thus, forage accumulation rates (mass per unit area per day) in 
most parts of New Zealand are highest in spring to early summer (October – 
February) until high temperatures become limiting, slower in early spring and autumn 
(September and March–May) and very slow in winter (June–August) when 
temperature and photoperiod are lowest (Cangiano et al., 2008; Moot et al., 2003). 
Additionally, lucerne variety, fertility, irrigation and other factors affect growth rates. 
Therefore, careful grazing management is critical to obtain high yields. Each season 
has certain requirements (Moot, Avery, & Avery, 2009). The appropriate grazing 
management practices for lucerne based pastures per season have been detailed by 
Moot et al. (2003). The management differs from ryegrass based pastures because 
emerging shoots from the crown require protection, and the lucerne stand must fully 
flower once a year to restore root reserves. To optimise the use of lucerne for dairy 
production, rotational grazing is widely recommended as the best management 
practice (Basigalup & Ustarroz, 2007; Brownlee, 1973; Cangiano et al., 2008; Knight, 
1987; Lodge, 1991; Moot et al., 2003; Pecetti, Romani, & Piano, 2006; Sewell, Hill, 
& Reich, 2011; Teixeira, Moot, Brown, & Fletcher, 2007; White & Cosgrove, 1990), 
and is integral for ensuring persistence of the stand (McGowan, Sheath, Webby, & 
Moot, 2003; Milne, 2011). In the present study, optimal management of lucerne 
herbage was achieved under rotational grazing. Cows were grazed in four paddocks 
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each of 1.5 ha, for 15 days followed by a rotational length of 30 days that allowed for 
the regrowth of lucerne. Previous studies have demonstrated successful rotational 
grazing management for lucerne should have a resting period/rotational length of at 
least 35 days to allow for the recovery of the lucerne before subsequent defoliation 
(Avery, Avery, Ogle, Wills, & Moot, 2008; Basigalup & Ustarroz, 2007; Cangiano et 
al., 2008).  This rest period can be adjusted according to season, lucerne variety and 
level of supplement, with the aim of maintaining high forage value and avoiding 
defoliation of the new regrowth emerging from the crown. A typical rotational 
grazing program for lucerne-based dairy farms should entail division of the field into 
paddocks (≤ 8) of appropriate size (≥ 1 acre), and control of dairy cows, often by use 
of temporary fencing or use of existing fields in a system of pastures. The basic 
principle is managing cows for defoliation at specific plant maturity (grazing period), 
followed by a rest period before subsequent defoliation (Cangiano et al., 2008). In a 
rotational stocking program, a grazing period of 7 to 10 days with at least 35 days of 
rest is considered safe for lucerne pasture and adequate for dairy cow production 
(Avery et al., 2008; Campion, 2011; Cangiano et al., 2008). The rotational grazing 
systems are mostly labour intensive, and when moderately stocked, result in lower 
harvesting efficiency per hectare but higher milk production compared to continuous 
grazing systems (Cangiano et al., 2008).  
With appropriate management, the potential for utilising lucerne forage in a 
dairy farm is high. In addition to the ability to produce more dry matter than 
conventional pasture per annum, lucerne has the ability to grow without nitrogen 
inputs, its resistance to grass grub, and has high feed value (Campion, 2011; Douglas, 
1986; Mace, 1982). Furthermore, comparative studies conducted on the performance 
of dairy cows grazing lucerne vs. ryegrass based pastures (Baudracco et al., 2011; 
Bryant, 1978; Conrad, Van Keuren, & Dehority, 1983; Limon Sanchez & Campling, 
1982; Smith et al., 2013; Woodward et al., 2010), show that the performance (DMI, 
MEI and MS yield) of dairy cows under lucerne-based dairy systems is almost equal 
to or slightly higher compared to ryegrass-based dairy systems when the growth of 
lucerne is not limited. However, when the regrowth of lucerne is limited in late 
autumn and early spring, supplementary feeds (preferably conserved feed e.g. silage 
or hay) can be offered. And as demonstrated by the findings in the present study and 
from previous studies, the supplements increase the total DMI and MEI (White, 
1982); reduce nitrogen excretion through urine (Aarts et al., 1999; Jarvis et al., 1996; 
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Kebreab et al., 2001; Ledgard, 2006; Ledgard et al., 2000); and enable substitution of 
the lucerne (Castillo et al., 2001a), while maintaining milksolids production, milk 
yield and liveweight gain in mid to late lactation (Stockdale, Callaghan, & Trigg, 
1987; Stockdale & Trigg, 1989). Although, there is need to further investigate lucerne 
management, and improve its production, through research and experience in the 
dairy situation.  
5.3.8 Conclusions 
The findings of this study show that feeding maize or grass silage to mid-late 
lactation dairy cows grazing autumn lucerne significantly increased total DMI and 
MEI; however cow responses to the supplements in terms of milk-solids yield, subR, 
MMR, FCE, LWT gain and BCs were generally low. This therefore implies that 
supplementary maize or grass silage feeds can be used in autumn to sustain high DM 
and ME intakes, and enable substitution of the sown lucerne crop to increase herbage 
cover on the farm during periods of reduced growth in autumn/winter and early 
spring. The carryover effects of substituted lucerne pasture and spared cow condition 
could also be turned to milksolids after calving in spring. 
The results of this study also indicate that feeding either maize silage or grass 
silage to dairy cows in mid-lactation grazing in autumn lucerne has the potential to 
reduce nitrogen excretion through urine. The results showed that the silage 
supplements did not compromise milksolids production, milk yield and liveweight 
gain in mid lactation, and substitution rate was low. This further demonstrated the use 
of either maize or grass silage as a mitigation strategy to reduce the environmental 
impact of dairying in lucerne-based systems. 
5.3.9 Recommendations 
Based on the results from this study, it would be appropriate to recommend the 
restriction of lucerne allowance when supplements are fed, (e.g. reducing lucerne 
allowance from 15 to 12 kg DM/cow/day when 3 kg DM/cow/day of maize or grass 
silage supplements are fed). This would improve the utilisation of lucerne per hectare, 
reduce the N-intake (particularly from lucerne herbage), and maintain milksolids 
production, milk yield and liveweight gain in mid lactation.  
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 Additionally, the data from this study and from literature represent an 
important source of information for future investigations to quantify the effects of 
supplement allowance and season on animal responses, and N-utilization by dairy 
cows grazing lucerne, in addition to evaluating the dynamics of rumen fermentation.     
Appendix A 
102 
 
Appendix A. 
Methods and Measurements  
Table A. 5.1: Average milksolids, liveweight and age which were used to allocate 
cows randomly to the dietary treatments in period I and II of the 
experiment. 
Period I 
Treatment Age (yrs.) LWT (kg) MS (kg/d) 
Lucerne 5.33 476 1.32 
Lucerne + Maize silage 5.02 460 1.33 
Lucerne + Grass silage 6.03 460 1.31 
Grand mean 5.46 465.33 1.32 
Period II 
Treatment Age (yrs.) LWT (kg) MS (kg/d) 
Lucerne 5.34 460 1.32 
Lucerne + Maize silage 5.92 468 1.32 
Lucerne + Grass silage 5.12 467 1.33 
Grand mean 5.46 465.00 1.32 
Table A. 5.2: Calibration heights (H1 – H5; cm), average height (cm), sample DM (g) 
and DM yield per ha that were used to derive the linear calibration 
equation (Figure 4.1). 
Paddock Calibration H1 H2 H3 H4 H5 Av. Height DM grams KgDM/ha 
A2 1 50 49 49 44 47 47.80 57.80 2890 
A2 2 51 45 42 47 45 46.00 72.10 3605 
A2 3 48 48 47 44 46 46.60 59.20 2960 
A2 4 53 37 50 52 44 47.20 31.70 1585 
A2 5 51 49 48 49 51 49.60 58.40 2920 
A5 6 26 29 26 29 30 28.00 33.40 1670 
A5 7 16 13 14 15 15 14.60 26.70 1335 
A5 8 40 47 38 45 48 43.60 50.80 2540 
A5 9 22 21 18 16 20 19.40 26.70 1335 
A5 10 25 34 31 31 28 29.80 38.10 1905 
A4 11 40 43 50 41 42 43.20 47.40 2370 
A4 12 44 30 30 32 24 32.00 45.40 2270 
A4 13 33 24 30 40 30 31.40 43.90 2195 
A4 14 26 20 26 18 20 22.00 15.90 795 
A4 15 24 21 28 26 20 23.80 22.50 1125 
A4 16 9 8 9 7 7 8.00 5.90 295 
A7 17 37 35 35 33 36 35.20 42.40 2120 
A7 18 19 21 18 16 18 18.40 22.80 1140 
A7 19 57 45 50 54 60 53.20 62.60 3130 
A7 20 51 50 47 47 47 48.40 49.00 2450 
A7 21 51 52 53 45 57 51.60 65.70 3285 
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Appendix B. 
Lab-work  
 
Figure B. 5.1: Freeze-dried samples being ground to 1 mm for proximate analysis 
using wet chemistry procedures to determine content of NDF, ADF, 
soluble carbohydrates, ME, protein and dry matter digestibility (DMD). 
 
Figure B. 5.2: Ground samples in porcelain lab dishes which were used to determine 
ash by subsequent combustion in a muffle furnace (Model LAB 3A KW 
5000 W, Max T: 1000 0C), at 550
0
C for 4 hours. 
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